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1 GENERAL DESCRIPTION 


The NuMicro® NUC029 series 32-bit microcontroller is embedded with ARM® Cortex®-M0 core for 
industrial control and applications which need rich communication interfaces or require high 
performance, high integration, and low cost. The Cortex®-M0 is the newest ARM® embedded 
processor with 32-bit performance at a cost equivalent to the traditional 8-bit microcontroller. The 
NuMicro® NUC029 series includes four part numbers: NUCO29LAN, NUCO29NAN, NUCO29ZAN, 
NUCO29TAN and NUCO29FAE. 


The NUCO29LAN/NUCO29NAN/NUCO029ZAN/NUCO29TAN can run up to 50 MHz and operate at 
2.5V ~ 5.5V, -40°C ~ 85, and the NUCO29FAE can run up to 24 MHz and operate at 2.5V ~ 


5.5V, -40°C ~ 105°C. Therefore, the NUC029 series can afford to support a variety of industrial 
control and applications which need high CPU performance. 


The NUCO29LAN/NUCO29NAN/NUCO029ZAN/NUCO29TAN offers 64K/64K/32K bytes flash, 4 
Kbytes Data Flash, 4 Kbytes flash for the ISP, and 4 Kbytes SRAM. The NUCO29FAE offers 16 
Kbytes flash, size configurable Data Flash (shared with program flash), 2 Kbytes flash for the ISP, 
and 2K-bytes SRAM. 


Many system level peripheral functions, such as I/O Port, EBI (External Bus Interface), Timer, 
UART, SPI, I?C, PWM, ADC, WDT (Watchdog Timer), WWDT (Window Watchdog Timer), Analog 
Comparator and Brown-out Detector, have been incorporated into the NUCO029 series in order to 
reduce component count, board space and system cost. These useful functions make the 
NUC029 series powerful for a wide range of applications. 


Additionally, the NuMicro® NUC029 series is equipped with ISP (In-System Programming) and 
ICP (In-Circuit Programming) functions, and IAP (In-Application Programming), which allow the 
user to update the program memory without removing the chip from the actual end product. 


NUC0O29LAN/NUCO29NAN/ 
NUC029ZAN/NUCO29TAN 
Operating Temp. -40°C ~ +85°C -40°C ~ +105°C 

Clock Control 


Supports external 32.768 kHz crystal 
oscillator as clock source 
WM PWM Generator and Capture Timer Enhanced PWM Generator 


12-bit SAR ADC with 760 kSPS (Supports Single, 10-bit SAR ADC with 300 kSPS (Only 
Burst, Single-Cycle, and Continuous Scan mode) supports Single mode) 





Table 1-1 NuMicro® NUC029 Series Difference List 
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2 FEATURES 
e ARM® Cortex®-M0 core 


- Runs up to 50 MHz 

- One 24-bit system timer 

- Supports Low Power Sleep mode 

-  Asingle-cycle 32-bit hardware multiplier 

-  NVIC for the 32 interrupt inputs, each with 4-levels of priority 

- Supports Serial Wire Debug (SWD) interface and two watchpoints/four breakpoints 

- Provides hardware divider and supports signed 32-bit dividend, 16-bit divisor 
operation(NUCO029xAN only) 


e Operating voltage ranges from 2.5 V to 5.5 V 
e Memory 


- 16/32/64 KB Flash for program memory (APROM) 

- Up to 4 KB Flash for loader (.DROM) 

- Up to 4 KB SRAM for internal scratch-pad RAM (SRAM) 

-  4KB Flash for data memory (Data Flash) (NUCO29xAN only) 
Configurable Data Flash (NUCO29FAE only) 


e Clock Control 


- Programmable system clock source 
- 22.1184 MHz internal oscillator 
@ Dynamically calibrating the HIRC OSC to 22.1184 MHz +3% from -40°C to 105°C 
by external 32.768 kHz crystal oscillator (LXT) (NUCO29FAE only) 
-  4*24 MHz external crystal input 
- 10 kHz low-power oscillator for Watchdog Timer and wake-up in Sleep mode 
- PLL allows CPU operation up to the maximum 50 MHz (NUC029xAN only) 
- 32.768 kHz external crystal input (LXT) for Power-down wake-up and system operation 
clock (NUCO29FAE only) 


e GPIO 


- Up to 40 general-purpose I/O (GPIO) pins for LQFP/QFN 48-pin package 
- Four I/O modes: 
@  Quasi-bidirectional 
@ = Push-pull output 
@ Open-drain output 
@ = Input only with high impendence 
-  TTL/Schmitt trigger input selectable 
-  /O pin can be configured as interrupt source with edge/level setting 
- Supports high driver and high sink I/O mode 
- Configurable I/O mode after POR 


e Timer 


~ Up to four sets of 32-bit timers with 24-bit up counter and one 8-bit prescale counter 
- Independent clock source for each timer 
- Provides up to four timer counting modes: one-shot, periodic, toggle and continuous 
counting 
- 24-bit up counter value is readable through TDR (Timer Data Register) 
- Supports event counting function to count the input event from external counter pin 
- 24-bit capture value is readable through TCAP (Timer Capture Data Register) 
- Supports external capture pin for interval measurement 
@ Supports external capture pin to reset 24-bit up counter 
@ Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is 
generated 
- Supports internal capture triggered while internal ACMP output signal transition 
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(NUCO29xAN only) 
- Supports Inter-Timer trigger mode (NUC029xAN only) 
- Supports internal signal (CPO0, CPO1) for interval measurement (NUCO29FAE only) 


e WDT (Watchdog Timer) 


- Multiple clock sources 

- Supports wake-up from Power-down or Sleep mode 

- Interrupt or reset selectable on watchdog time-out 

-  Time-out reset delay period can be selected to 3/18/130/1026 * WDT_CLK 
(NUCO029xAN only) 


e WWDT (Window Watchdog Timer) (NUCO29xAN only) 


-  6-bit down counter with 11-bit pre-scale for wide range window selected 
e PWM Generator and Capture Timer (NUCO29xAN only) 


- Up to four built-in 16-bit PWM generators, providing eight PWM outputs or four 
complementary paired PWM outputs 

- Individual clock source, clock divider, 8-bit pre-scalar and dead-zone generator for 
each PWM generator 

- PWM interrupt synchronized to PWM period 

- 16-bit digital Capture timers with rising/falling capture inputs 

- Supports capture interrupt 

- Internal 10 kHz to PWM clock source 

- Polar inverse function 

-  Center-aligned type function 

- Timer duty interrupt enable function 

- Two kinds of PWM interrupt period type selection 

- Two kinds of PWM interrupt duty type selection 

-  Period/duty trigger ADC function 
PWM Timer synchronous start function 


e Enhanced PWM Generator (NUCO29FAE only) 


- Independent 16-bit PWM duty control units with maximum three outputs 

- Supports group/synchronous/independent/ complementary modes 

~ Supports One-shot or Auto-reload mode 

- Supports Edge-aligned and Center-aligned type 

- Programmable dead-zone insertion between complementary channels 

- Each output has independent polarity setting control 

- Hardware fault brake protections 

- Supports duty, period, and fault break interrupts 

- Supports duty/period trigger ADC conversion 

- Timer comparing matching event trigger PWM to do phase change 

~- Supports comparator event trigger PWM to force PWM output low for current period 
Provides interrupt accumulation function 


e UART 


- Up to two sets of UART devices 

- Programmable baud-rate generator 

~- Buffered receiver and transmitter, each with 16 bytes FIFO 
- Optional flow control function (CTS and RTS) 

- Supports IrDA(SIR) function 

- Supports RS-485 function 

- Supports LIN function (NUCO29xAN only) 


e SPI 


- Up to two sets of SPI devices 
- Supports Master/Slave mode 
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-  Full-duplex synchronous serial data transfer 

- Provides 3 wire function 

- Variable length of transfer data from 8 to 32 bits 

~  MSB or LSB first data transfer 

- Rx latching data can be either at rising edge or at falling edge of serial clock 
~ Tx sending data can be either at rising edge or at falling edge of serial clock 
- Supports Byte Suspend mode in 32-bit transmission 

-  4-level depth FIFO buffer 

- PLL clock source (NUCO29xAN only) 


~ Up to two sets of I7C modules 

- Supports Master/Slave mode 

- Bi-directional data transfer between masters and slaves 

-  Multi-master bus (no central master) 

- Arbitration between simultaneously transmitting masters without corruption of serial 
data on the bus 

- Serial clock synchronization allows devices with different bit rates to communicate via 
one serial bus 

- Serial clock synchronization can be used as a handshake mechanism to suspend and 
resume serial transfer 

- Programmable clocks allow versatile rate control 

- Supports 7-bit addressing mode 

- Supports multiple address recognition (four slave addresses with mask option) 

~ Supports Power-down wake-up function 

- Supports FIFO function (NUCO29FAE only) 


e ADC 


- 12-bit SAR ADC with 760 kSPS for NUCO29xAN, and 10-bit SAR ADC with 300 kSPS 
for NUCO29FAE 
- Up to eight single-end analog input channels 
@ Or four differential analog input channels (NUCO29xAN only) 
~ Four operation modes (NUCO29FAE only support Single mode) 
@ Single mode: A/D conversion is performed one time on a specified channel 
@ Burst mode: A/D converter samples and converts the specified single channel 
and sequentially stores the result in FIFO 
@  Single-cycle Scan mode: A/D conversion is performed only one cycle on all 
specified channels with the sequence from the smallest numbered channel to 
the largest numbered channel 
@ Continuous Scan mode: A/D converter continuously performs Single-cycle Scan 
mode until software stops A/D conversion 
- An A/D conversion can be started by: 
@ Software Write 1 to ADST bit 
@ = External pin (STADC) 
@ PWM trigger with optional start delay period 
- Each conversion result is held in data register with valid and overrun indicators 
- Each channel has individual data register (NUCO29xAN only) 
- Conversion result can be compared with specified value and user can select whether 
to generate an interrupt when conversion result matches the compare register setting 
- Internal temperature sensor output (NUCO29xAN only) 


e Analog Comparator 
~ Up to four sets of Comparator analog modules 
- External input or internal band-gap voltage selectable at negative node 


- Interrupt when compared results change 
-  Power-down wake-up 
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e BI (External Bus Interface) for external memory-mapped device access (NUCO29LAN/ 
NUCO29NAN only) 
- Accessible space: 64 KB in 8-bit mode or 128 KB in 16-bit mode 
- Supports 8-bit or 16-bit data width 
- Supports byte-write in 16-bit data width 
e ISP (In-System Programming) and ICP (In-Circuit Programming) 





e IAP (In-Application Programming) 
e One built-in temperature sensor with 1°C resolution (NUCO29xAN only) 


e BOD (Brown-out Detector) 


- With 4 levels: 4.4V/3.7V/2.7V/2.2V 
- Supports Brown-out interrupt and reset option 


e 96-bit unique ID (UID) 
e LVR (Low Voltage Reset) 

- Threshold voltage level: 2.0V 
e Operating Temperature: 


- | NUCO29LAN/NUCO29NAN/NUCO29ZAN/NUCO29TAN: -40°C ~85°C 
-~ NUCO029FAE:-40°C ~105°C 


e Reliability: EFT > + 4 KV, ESD HBM pass 4 KV 
e Packages: 


- All Green package (RoHS) 
-  48-pin LQFP, 48-pin QFN, 33-pin QFN, 20-pin TSSOP 
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3 ABBREVIATIONS 


Acronym Description 


ACMP 


Analog Comparator Controller 

ADC Analog-to-Digital Converter 

APB Advanced Peripheral Bus 

AHB Advanced High-Performance Bus 

BOD Brown-out Detection 

External Bus Interface 

First In, First Out 

Flash Memory Controller 

General-Purpose Input/Output 

The Clock of Advanced High-Performance Bus 
22.1184 MHz Internal High Speed RC Oscillator 
4~24 MHz External High Speed Crystal Oscillator 
In Application Programming 


In Circuit Programming 


In System Programming 


Low Dropout Regulator 


a ee 


Local Interconnect Network 


10 kHz internal low speed RC oscillator (LIRC) 


32.768 kHz External Low Speed Crystal Oscillator 


Nested Vectored Interrupt Controller 


The Clock of Advanced Peripheral Bus 
Phase-Locked Loop 


Pulse Width Modulation 


Serial Peripheral Interface 
Samples per Second 
Timer Controller 


Universal Asynchronous Receiver/Transmitter 


Unique Customer ID 
Universal Serial Bus 
Watchdog Timer 


Window Watchdog Timer 





Table 3-1 List of Abbreviations 
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION 


4.1 NuMicro® NUC029 Series — Guide 


| Connectivity | i 
‘| (i | 

a 

a 


APROM (KB) 
PWM (16 41 
ADC (12-bit) 
ADC (10-bit) 
Comparator 
32.768 kHz 
Crystal Oscillator 
ISP/ICP/IAP 
Operating 
Temperature 
Range(‘C) 


a 
2 
= 
< 
o 


a 
= 
7) 
AS 
iL 
@ 
= 
o 
a 


Part Number 


ele P REEL porre 
os Pla R EP] [yp ene [or .0s | 


pole 
CEs 
reoeere tte fate tet tele eEL DL pps aoa 
[ nucozotan foe[ «| 4 [4 fete {e]sfels(s|-le[y[yf-[y] - |v] Gay | 010-95 | 
Prucoaree Pe [= [ome Pete DD BE RRL EELS Pyssora| sors 


Table 4-1 NuMicro® NUC029 Series Selection Guide 


eee 


EEE ISP ROM (KB) 
v0 
Timer 





Note: 
*: ACMP3 only has positive and negative input. 
**: ACMPO only has positive and negative input, and ACMP1 only has positive input. 
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NUC029 X X X 


CPU core 
ARM Cortex MO 






Part Number 





Temperature 
N: -40° ~ + 85°C 
E: -40°C ~ +105°C 





Reserved 


Package 


L: LQFP 48 

N: QFN 48 

Z: QFN 33 (5x5) 
T: QFN 33 (4x4) 
F: TSSOP 20 
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4.2 Pin Configuration 





4.2.1 NuMicro® NUC029 Pin Diagram 


4.2.1.1 NuMicro® NUCO29LAN LQFP 48 pin 
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ACMP2_P, SPICLKO, AIN7, P1.7 3 34 P0.5, AD5, MOSI_1 
nRST 4 33 P0.6, AD6, MISO_1 
ACMP1_N, RXD, P3.0 5 32 P0.7, AD7, SPICLK1 
AVss 6 “ 31 P4.7, ICE_DAT 
LQFP-48 pin 
ACMP1_P, TXD, P3.1 7 30 P4.6, ICE_CLK 
TOEX, STADC, nINTO, P3.2 8 29 P4.5, ALE, SDA1 
T1EX, MCLK, nINT1, P3.3 9 28 P4.4, nCS, SCL1 
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Figure 4-2 NuMicro® NUCO29LAN LQFP 48-pin Diagram 
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4.2.1.2 NuMicro® NUCO29NAN QFN 48 pin 
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Figure 4-3 NuMicro® NUCO29NAN QEN 48-pin Diagram 
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4.2.1.3 NuMicro® NUCO29ZAN/NUCO29TAN QFN 33 pin 
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P4.7, ICE_DAT 

P4.6, ICE_CLK 

P2.6, PWM6, ACMP1_O 


ACMPO_P, AINS, P1.5 


QFN-33 Pin 


ACMP1_P, TXD, P3.1 
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Figure 4-4 NuMicro® NUCO29ZAN/NUCO29TAN QEN 33-pin Diagram 
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4.2.1.4 NuMicro® NUCO29FAE TSSOP 20 pin 















ACMP0_P,RXD,AIN2,P1.2 
ACMP0_P,TXD,AIN3,P1.3 
ACMPO_N,AIN4,P1.4 
ACMP0_P,AINS,P1.5 

nRST : 
ACMP1_P,TOEX,STADC,nINTO,P3.2| 6 | 
ACMP1_P,SDAO,TO,P3.4 
ACMP1_P,SCLO,T1,P3.5| 8 | 


XTAL2,P5.1| 9 | 
XTALI,P5.0 


Vop 
P0.4,SPISSO,PWMS5 
P0.5,MOSI_0O 
P0.6,MISO_O 
P0.7,SPICLKO 
P4.7,ICE_DAT 
P4.6,ICE_CLK 
P2.5,PWM3 
P2.4,PWM2 

Vss 




























Figure 4-5 NuMicro® NUCO29FAE TSSOP 20-pin Diagram 
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4.3 Pin Description 


4.3.1 NuMicro® NUC029 Pin Description 


Pin wanes 
Description 


1.5 General purpose digital I/O pin. 


AIN5 


LQFP/QFN 
48-pin 


U 


ADC5 analog input. 


ACMP0_P | al | Comparator0 positive input pin. 


MOSI_O VO —|SPIO MISO (Master Out, Slave In) pin. 


General purpose digital I/O pin. 


AIN6 ADC6 analog input. 


MISO_O SPIO MISO (Master In, Slave Out) pin. 


= 
m 


ACMP2_N Comparator2 negative input pin. 


General purpose digital I/O pin. 


7 
ae 


AIN7 | al | ADC7 analog input. 
SPICLKO SPIO serial clock pin. 


ACMP2_P Comparator2 positive input pin. 


nRST External reset input: active LOW, with an internal pull-up. Set this pin 
(ST) 


low reset chip to initial state. 


P3.0 General purpose digital I/O pin. 


RXD"! Data receiver input pin for UARTO. 


ACMP1_N | at | Comparator1 negative input pin. 


a 


AVss Ground pin for analog circuit. 


U 


3.1 /O |General purpose digital I/O pin. 


TxD”! Data transmitter output pin for UARTO. 


ACMP1_P Za Comparator1 positive input pin 


U 


3.2 /O |General purpose digital I/O pin. 


nINTO External interruptO input pin. 


STADC Ee ADC external trigger input. 


TOEX 


TimerO external capture/reset trigger input pin. 


U 


3.3 VO |General purpose digital I/O pin. 


niNT1 External interrupt1 input pin. 


MCLK | oO EBI external clock output pin. 


TIEX 


Timer1 external capture/reset trigger input pin. 


= 
Oo 


3.4 VO |General purpose digital I/O pin. 
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LQFP/QFN 
48-pin 


a4 
wo ne) 


a 


oa 


oO 


NI 


iy) iy) 
_ oO o 


i) 
ye) 


ye) 
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Pin ned 
Description 


To remiereneormuon 
| 0 feminersnseroapaom id 
CS 
mn [© [eovwieomicounaon i 
[To fereomicownaon 
re | 


External 4~24 MHz (high speed) crystal output pin. 


I 
(ST) External 4~24 MHz (high speed) crystal input pin. 
ce Ground pin for digital circuit. 


EBI Address/Data bus bit10. 
General purpose digital I/O pin. 
PWMsB output/Capture input. 
EBI Address/Data bus bit11. 
General purpose digital I/O pin. 
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LQFP/QFN Be Description 
48-pin 


PWM4 output/Capture input. 

Ft clock VO pin, 
fe EBI Address/Data bus bit12. 
General purpose digital I/O pin. 


Pwmo#! PWM0 output/Capture input. 


T2EX Timer2 external capture/reset trigger input pin. 


General purpose digital I/O pin. 


PWM5 PWM5 output/Capture input. 


spA1#! 12C1 data input/output pin. 
AD13 EBI Address/Data bus bit13. 
General purpose digital I/O pin. 


PWM6 PWM6 output/Capture input. 
ACMP1_O | 0 |Anatog comparator1 output pin. 


AD14 EBI Address/Data bus bit14. 
General purpose digital I/O pin. 
EBI Address/Data bus bit15. 
PWM7 output/Capture input. 
General purpose digital I/O pin. 


EBI chip select enable output pin. 


C1 clock I/O pin. 


ye) 


iy) 
o 


ye) 
NI 


/O |General purpose digital I/O pin. 


ye) 
o 


EBI address latch enable output pin. 


12C1 data input/output pin. 
General purpose digital I/O pin. 


ICE_CLK Ea Serial Wired Debugger Clock pin. 


VO |General purpose digital I/O pin. 


a 
General purpose digital I/O pin. 
SPI1 MISO (Master In, Slave Out) pin. 
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ou Description 
LQFP/QFN Type sila hs 
48-pin 


PO.5 General purpose digital I/O pin. 

SPI1 MISO (Master Out, Slave In) pin. 
EBI Address/Data bus bit5. 

General purpose digital I/O pin. 

SPI1 slave select pin. 

EBI Address/Data bus bit4. 
Par | General purpose digital I/O pin. 

PWM1 output/Capture input. 

rex | Timer3 external capture/reset trigger input pin. 
General purpose digital I/O pin. 

D 

D 

D 


AD6 
AD5 
4 
| 
3 
2 
2 
| 
1 
0 


EBI Address/Data bus bit3. 
RTSO | er] Request to Send output pin for UARTO. 
Rx®] Data receiver input pin for UARTO. 


5 
VO |General purpose digital I/O pin. 
EBI Address/Data bus bit2. 
Xx 
0 
25 


Data transmitter output pin for UARTO. 


CTSO La Clear to Send input pin for UARTO. 


General purpose digital I/O pin. 
rss = | | Request to Send output pin for UART1. 
xo Tt Data receiver input pin for UART1. 
powen [A 

EBI Address/Data bus bit1. 
Poo VO |General purpose digital I/O pin. 
crs) Jt Clear to Send input pin for UART1. 
xo” | Data transmitter output pin for VART1. 
lacuesp | AL Comparator3 positive input pin. 

EBI Address/Data bus bit0. 


Me f Power supply for I/O ports and LDO source for internal PLL and digital 


Power supply for internal analog circuit. 
General purpose digital I/O pin. 
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Za Description 
LQFP/QFN Type P 
48-pin 


AINO fan | ADCO analog input. 
Timer2 external event counter input pin. 
nwee | | EBI low byte write enable output pin. 
General purpose digital I/O pin. 

ADC1 analog input. 

Timer3 external event counter input pin. 


InweH =| EBI high byte write enable output pin. 


ee 
pe 
zz 
i 
os 
General purpose digital I/O pin. 
30 ana | ADC2 analog input. 
xo] Data receiver input pin for UART1. 
VO |General purpose digital I/O pin. 
a iene 
1 
32 
a 


AIN3 ADC3 analog input. 


| al | 
xo? | Data transmitter output pin for VART1. 
General purpose digital I/O pin. 
rr ADC4 analog input. 
lacupon | at Comparator0 negative input pin. 
SPIO slave select pin. 
General purpose digital I/O pin. 
PWM2 output/Capture input. 


Note1: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power; ST = Schmitt trigger 


Note2: The PWMO ~ PWM3, RXD, TXD, RXD1, TXD1, SCL1, SDA1 and CKO can be assigned to different pins. However, a pin 
function can only be assigned to a pin at the same time, i.e. software cannot assign RXD to P0.3 and P3.0 at the same time. 





a 
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i Description 
TSSOP Type) |> 
20-pin 


General purpose digital I/O pin 
AIN2 | at | ADC2 analog input 
RxD Data receiver input pin for UARTO 

1 

1 


VO |General purpose digital I/O pin 
AIN3 


2 mad fae 
D i i . 

ACMP0_P Comparator0 positive input pin. 

| at | ADC3 analog input. 

mo sf Data transmitter output pin for VARTO. 

ACMP0_P | at | Comparator0 positive input pin. 

General purpose digital I/O pin. 

AIN4 | at | ADC4 analog input. 

ACMPO_N E aid Comparator0 negative input pin. 

General purpose digital I/O pin. 

AIN5 ADC5 analog input. 

ACMP0_P Comparator0 positive input pin. 
2 
A 
As 


External reset input: active LOW, with an internal pull-up. Set this pin low reset 


5 nRST 


(ST) |chip to initial state. 


Avs Ground pin for analog circuit. 


nINTO 


General purpose digital I/O pin 

INTO External interruptO input pin 

STADC ADC external trigger input 

ACMP1_P 
VO |General purpose digital I/O pin 


TO 


Comparator positive input pin 


TOEX a TimerO external capture/reset trigger input pin. 
TimerO external event counter input pin 


SCLO I CO clock I/O pin. 


SDAO i 12CO data input/output pin. 
Timer1 external event counter input pin 


ACMP1_P | at | Comparator positive input pin 
General purpose digital I/O pin. 
1 . 


| vo | 
powrr | A [eomaaerpestieneapn 
xtaz | External 4~24 MHz (high speed) crystal output pin. 
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Description 


Ground pin for digital circuit. 


a 
General purpose digital I/O pin. 
a General purpose digital I/O pin. 


VO ‘|General purpose digital I/O pin. 


ICE_CLK ka Serial Wired Debugger Clock pin. 


VO |General purpose digital I/O pin. 


par 

Icepat | vo | Serial Wired Debugger Data pin. 
7s VO ‘|General purpose digital I/O pin. 
spiciko = |v | SPIO serial clock pin. 

Pos |v General purpose digital I/O pin. 
misoo =| vo | SPIO MISO (Master In, Slave Out) pin. 


ie General purpose digital I/O pin. 

Mosio =| vo SPIO MISO (Master Out, Slave In) pin. 

crass | 00 irsemsenipn 
a 
ies _____|_P_[Povrsunyo 0 pers and.bOsoucefornonal awa 


Note1: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power; ST = Schmitt trigger 


= External 4~24 MHz (high speed) crystal input pin. 
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5 FUNCTIONAL DESCRIPTION 


5.1 ARM® Cortex®-M0 Core 


The Cortex®-MO processor is a configurable, multistage, 32-bit RISC processor, which has an 
AMBA AHB.-Lite interface and includes an NVIC component. It also has optional hardware debug 
functionality. The processor can execute Thumb code and is compatible with other Cortex®-M 
profile processor. The profile supports two modes -Thread mode and Handler mode. Handler 
mode is entered as a result of an exception. An exception return can only be issued in Handler 
mode. Thread mode is entere d on Reset, and can be entered as a result of an exception return. 
Figure 5-1 shows the functional controller of processor. 





Cortex® -MO Components 
Cortex®-M0 processor 





Interrupts Nested : 
Vectored Cortex®-M0O al 
Interrupt Processor : 
Watchpoint 
Controller Core Unit 
(NVIC) 
Wakeup 
Interrupt Debu 
; gger 
Controller 
Interface DAP 
(WIC) — ae ( 
AHB-Lite Serial Wire or 
Interface JTAG Debug Port 











Figure 5-1 Functional Controller Diagram 


The implemented device provides the following components and features: 
@ A low gate count processor: 
-  ARMVv6-M Thumb’ instruction set 
- Thumb-2 technology 
- ARMv6-M compliant 24-bit SysTick timer 
- A 32-bit hardware multiplier 
- System interface supported with little-endian data accesses 
- Ability to have deterministic, fixed-latency, interrupt handling 


- Load/store-multiples and multicycle-multiplies that can be abandoned and 
restarted to facilitate rapid interrupt handling 


- C Application Binary Interface compliant exception model. This is the ARMv6-M, 
C Application Binary Interface (C-ABI) compliant exception model that enables 
the use of pure C functions as interrupt handlers 


- Low Power Sleep mode entry using Wait For Interrupt (WFI), Wait For Event 
(WFE) instructions, or the return from interrupt sleep-on-exit feature 


@ NVIC: 
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- 32 external interrupt inputs, each with four levels of priority 





- Dedicated Non-maskable Interrupt (NMI) input 
- Supports for both level-sensitive and pulse-sensitive interrupt lines 


- Supports Wake-up Interrupt Controller (WIC) and, providing Ultra-low Power 
Sleep mode 


@ Debug support 
- Four hardware breakpoints 
- Two watchpoints 
- Program Counter Sampling Register (PCSR) for non-intrusive code profiling 
- Single step and vector catch capabilities 
@ Bus interfaces: 


- Single 32-bit AMBA-3 AHB-Lite system interface that provides simple integration 
to all system peripherals and memory 


- Single 32-bit slave port that supports the DAP (Debug Access Port) 
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5.2 System Manager 





5.2.1 Overview 


System management includes the following sections: 
System Resets 


@ System Power Architecture 

@ System Memory Map 

@ System management registers for Part Number ID, chip reset and on-chip controllers 
reset , multi-functional pin control 

@ System Timer (SysTick) 

@ Nested Vectored Interrupt Controller (NVIC) 


System Control registers 
5.2.2 System Reset 
The system reset can be issued by one of the following listed events. For these reset event flags 
can be read by RSTSRC register. 
@ Hardware Reset 
- Power-on Reset (POR) 
- Low level on the RESET pin (nRST) 
- | Watchdog Time-out Reset (WDT) 
- Low Voltage Reset (LVR) 
~  Brown-out Detector Reset (BOD) 
@ Software Reset 
- MCU Reset - SYSRESETREQ(AIRCR[2]) 
~  Cortex®-MO Core One-shot Reset - CPU_RST(IPRSTC1[1]) 
-~ Chip One-shot Reset - Chip_RST(IPRSTC1[0]) 
Note: ISPCON.BS keeps the original value after MCUReset and CPU Reset. 
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5.2.3 System Power Distribution 


In this chip, the power distribution is divided into three segments. 


@ Analog power from AVpp and AVss provides the power for analog components 
operation. AVpp must be equal to Vpp to avoid leakage current. 


@ Digital power from Vpp and Vss supplies the power to the I/O pins and internal 
regulator which provides a fixed 1.8 V power for digital operation. 


@ = Build-in a capacitor for internal voltage regulator. (NUCO29FAE only) 


The output of internal voltage regulator, LDO_CAP, requires an external capacitor which should 
be located close to the corresponding pin. Analog power (AVpp) should be the same voltage level 
with the digital power (Vop). Figure 5-2 shows the NuMicro® NUC029xAN power distribution and 
Figure 5-3 shows the NuMicro® NUCO29FAE power distribution. 
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AVop 12-bit 


| i | SAR-ADC B 
rown 
AVss Out 
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Internal 
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10 kHz Oscillator 


LDO_CAP 
uF 
POR18 
5V to 1.8V , 
PLL 
LDO 10 cell GPIO Pins 
POR50 









































Vop Vss 
NuMicro® NUCO29xAN Power Distribution 











Figure 5-2 NuMicro® NUC029xAN Power Distribution Diagram 
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Figure 5-3 NuMicro® NUCO29FAE Power Distribution Diagram 


5.2.4 System Memory Map 


The NuMicro® NUC029 series provides 4G-byte addressing space. The memory locations 
assigned to each on-chip controllers are shown in the following table. The detailed register 
definition, addressing space, and programming detailed will be described in the following sections 
for each on-chip peripheral. The NuMicro® NUC029 series only supports little-endian data format. 


Address Space Controllers 


Flash and SRAM Memory Space 


0x0000_0000 — 0x0000_FFFF FLASH_BA FLASH Memory Space (64 KB) 


0x2000_0000 — 0x2000_OFFF SRAM_BA SRAM Memory Space (4 KB) 


EBI Space (0x6000_0000 ~ 0x6001_FFFF) (NUC029LAN/NUCO29NAN Only) 


0x6000_0000 — 0x6001_FFFF EBI_BA External Memory Space (128 KB ) 


AHB Controllers Space (0x5000_0000 ~ 0x501F_FFFF) 
0x5000_0000 — 0x5000_01FF GCR_BA System Global Control Registers 
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GPIO (PO ~ P4) Control Registers 
Flash Memory Control Registers 
APB Controllers Space (0x4000_0000 ~ 0x400F_FFFF) 
“0 
<= 
“oe 
“on 
0x400E_0000 — 0x400E_FFFF Analog-Digital-Converter (ADC) Control Registers 
- es Tres BA |Timer2/Timers Control Registers 
=. 
System Controllers Space (0xE000_E000 ~ 0xE000_EFFF) 


Table 5-1 NuMicro® NUC029xAN Address Space Assignments for On-Chip Controllers 


0x2000_0000 — 0x2000_OFFF SRAM Memory Space (2 KB) 
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AHB Controllers Space (0x5000_0000 ~ 0x501F_FFFF) 
0x5000_0000 — 0x5000_01FF GCR_BA System Global Control Registers 
0x5000_0200 — 0x5000_02FF CLK_BA Clock Control Registers 
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- ed SCS_BA System Timer Control Registers 
a SCS_BA External Interrupt Controller Control Registers 
z SCB_BA System Control Registers 


Table 5-2 NuMicro® NUCO29FAE Address Space Assignments for On-Chip Controllers 
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5.2.5 Whole System Memory Mapping 
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Figure 5-4 NuMicro® NUC029xAN Whole System Memory Mapping 
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Figure 5-5 NuMicro® NUCO29FAE Whole System Memory Mapping 
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5.2.6 System Timer (SysTick) 


The Cortex®-MO0 includes an integrated system timer, SysTick, which provides a simple, 24-bit 
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The 
counter can be used as a Real Time Operating System (RTOS) tick timer or as a simple counter. 


When system timer is enabled, it will count down from the value in the SysTick Current Value 
Register (SYST_CVR) to 0, and reload (wrap) to the value in the SysTick Reload Value Register 
(SYST_RVR) on the next clock cycle, then decrement on subsequent clocks. When the counter 
transitions to 0, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads. 


The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to 0 
before enabling the feature. This ensures the timer will count from the SYST_RVR value rather 
than an arbitrary value when it is enabled. 


If the SYST_RVR is 0, the timer will be maintained with a current value of 0 after it is reloaded 
with this value. This mechanism can be used to disable the feature independently from the timer 
enable bit. 


For more detailed information, please refer to the “ARM® Cortex®-MO Technical Reference 
Manual” and “ARM® v6-M Architecture Reference Manual”. 


5.2.7 Nested Vectored Interrupt Controller (NVIC) 


The Cortex®-M0 provides an interrupt controller as an integral part of the exception mode, named 
as “Nested Vectored Interrupt Controller (NVIC)’, which is closely coupled to the processor core 
and provides following features: 


@ Nested and Vectored interrupt support 
@ Automatic processor state saving and restoration 
@ Reduced and deterministic interrupt latency 


The NVIC prioritizes and handles all supported exceptions. All exceptions are handled in “Handler 
Mode”. This NVIC architecture supports 32 (IRQ[31:0]) discrete interrupts with 4 levels of priority. 
All of the interrupts and most of the system exceptions can be configured to different priority 
levels. When an interrupt occurs, the NVIC will compare the priority of the new interrupt to the 
current running one’s priority. If the priority of the new interrupt is higher than the current one, the 
new interrupt handler will override the current handler. 


When an interrupt is accepted, the starting address of the interrupt service routine (ISR) is fetched 
from a vector table in memory. There is no need to determine which interrupt is accepted and 
branch to the starting address of the correlated ISR by software. While the starting address is 
fetched, NVIC will also automatically save processor state including the registers “PC, PSR, LR, 
RO~R3, R12” to the stack. At the end of the ISR, the NVIC will restore the mentioned registers 
from stack and resume the normal execution. Thus it will take less and deterministic time to 
process the interrupt request. 


The NVIC supports “Tail Chaining” which handles back-to-back interrupts efficiently without the 
overhead of states saving and restoration and therefore reduces delay time in switching to 
pending ISR at the end of current ISR. The NVIC also supports “Late Arrival” which improves the 
efficiency of concurrent ISRs. When a higher priority interrupt request occurs before the current 
ISR starts to execute (at the stage of state saving and starting address fetching), the NVIC will 
give priority to the higher one without delay penalty. Thus it advances the real-time capability. 


For more detailed information, please refer to the “ARM® Cortex®-MO Technical Reference 
Manual” and “ARM® v6-M Architecture Reference Manual”. 
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5.2.7.1. Exception Model and System Interrupt Map 


The following table lists the exception model supported by NuMicro® NUC029 series. Software 
can set four levels of priority on some of these exceptions as well as on all interrupts. The highest 
user-configurable priority is denoted as “O” and the lowest priority is denoted as “3”. The default 
priority of all the user-configurable interrupts is “O”. Note that priority “O” is treated as the fourth 
priority on the system, after three system exceptions “Reset”, “NMI” and “Hard Fault”. 


Table 5-3 Exception Model 
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Interrupt Number ' s P D 
(Bit In Interrupt hee pean Interrupt Description Wakes e 
Registers) 


ea ae a System exceptions 
Brown-out low voltage detected interrupt 
1 Watchdog Timer interrupt 
2 External signal interrupt from P3.2 pin 
3 External signal interrupt from P3.3 pin 
4 External signal interrupt from PO[7:0]/P1[7:0] 
ee ees 
PWMO, PWM1, PWM2 and PWM3 interrupt 
7 PWM4, PWM5, PWM6 and PWN/7 interrupt 
TimerO interrupt 
Timer1 interrupt 

10 Timer2interrupt 

11 Timers interrupt 

2 [vartot | _AATO_ [UARTO interun 

13 UART1 interrupt 

15 SPI1 interrupt 

ted 2] 


18 12C0_INT 2C0 


I 
19 C1 interrupt 
25 Analog Comparator0 or Comparator1 interrupt 
26 Analog Comparator2 or Comparator3 interrupt 
eee 


7 |_| 
Clock controller interrupt for chip wake-up from 
28 PWRWU_INT CLKC Powardown state 
29 ADC_INT ADC i 


Table 5-4 NuMicro® NUC029xAN System Interrupt Map 
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Interrupt Number ' s P D 
(Bit In Interrupt hee pean Interrupt Description Wakes e 
Registers) 
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External signal interrupt from 
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PWWM_INT PWM interrupt 
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TMRO_INT TMRO Timer interrupt 
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HIRC_TRIM_ ot 
INT HIRC HIRC trim interrupt 


18 12C_INT | re [Pe interrupt 
25 ACMP_INT ACMP Analog Comparator interrupt 
PWRWU_INT 
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ao 
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iN 
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| Record 
CLKC Clock controller interrupt for chip wake-up from 


Power-down state 


29 ADC_INT ADC ADC interrupt 


Table 5-5 NuMicro® NUCO29FAE System Interrupt Map 
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5.2.7.2 Vector Table 


When an interrupt is accepted, the processor will automatically fetch the starting address of the 
interrupt service routine (ISR) from a vector table in memory. For ARMvé6-M, the vector table base 
address is fixed at Ox00000000. The vector table contains the initialization value for the stack 
pointer on reset, and the entry point addresses for all exception handlers. The vector number on 
previous page defines the order of entries in the vector table associated with exception handler 
entry as illustrated in previous section. 


a SP_main — The Main stack pointer 





Vector Number Exception Entry Pointer using that Vector Number 


Table 5-6 Vector Table Format 


5.2.7.3 Operation Description 


NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set- 
Enable or Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write- 
1-to-clear policy, both registers reading back the current enabled state of the corresponding 
interrupts. When an interrupt is disabled, interrupt assertion will cause the interrupt to become 
Pending, however, the interrupt will not activate. If an interrupt is Active when it is disabled, it 
remains in its Active state until cleared by reset or an exception return. Clearing the enable bit 
prevents new activations of the associated interrupt. 


NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used 
to enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register 
respectively. The registers use a write-1-to-enable and write-1-to-clear policy, both registers 
reading back the current pended state of the corresponding interrupts. The Clear-Pending 
Register has no effect on the execution status of an Active interrupt. 


NVIC interrupts are prioritized by updating an 8-bit field within a 32-bit register (each register 
supporting four interrupts). 


The general registers associated with the NVIC are all accessible from a block of memory in the 
System Control Space and will be described in next section. 
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5.3 Clock Controller of NuMicro® NUCO29xAN 
5.3.1 Overview 


The clock controller generates the clocks for the whole chip, including system clocks and all 
peripheral clocks. The clock controller also implements the power control function with the 
individually clock ON/OFF control, clock source selection and clock divider. The chip enters 
Power-down mode when Cortex®-MO core executes the WFI instruction only if the 
PWR_DOWN_EN (PWRCON[7]) bit and PD_WAIT_CPU (PWRCON{8]) bit are both set to 1. 
After that, chip enters Power-down mode and wait for wake-up interrupt source triggered to leave 
Power-down mode. In the Power-down mode, the clock controller turns off the 4~24 MHz external 
high speed crystal oscillator (HXT) and 22.1184 MHz internal high speed RC oscillator (HIRC)to 
reduce the overall system power consumption. The following figures show the clock generator 
and the overview of the clock source control. 


The clock generator consists of 4 clock sources as listed below: 
@ 4-24 MHz external high speed crystal oscillator (HXT) 


@ Programmable PLL output clock frequency (PLL source can be selected from external 
4~24 MHz external high speed crystal oscillator (HXT) or 22.1184 MHz internal high 
speed RC oscillator (HIRC)) (PLL FOUT) 


22.1184 MHz internal high speed RC oscillator (HIRC) 
10 kHz internal low speed RC oscillator (LIRC) 

























































































XTL12M_EN (PWRCON(O]) XT 
| a 
XTAL1 | -_——__ 
| 4~24 MHz HXT e PLL_SRC (PLLCON[1 9]) 
XTAL2 |_ ———————— v 
PLL FOUT 
PLL 
OSC22M_EN (PWRCON[2]) ual 
22.1184 MHz 
HIRC i 
HIRC 
| 
OSC10K_EN(PWRCON{3]) 
10 kHz LIRC 
LIRC a 
Legend: 
HXT =4~24 MHz external high speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 
Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-6 NuMicro® NUC029xAN Clock Generator Block Diagram 
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HIRC 
pm! 111 
-—b! CPUCLK |} CPU 
LIRC 
pm ot ———e(_HDIV 
PLL FOUT 
pm 010 |} —p!1/(HCLK_N+1)}—e—b| HCLK |——e——_»(__EBI 
Reserved e! 001 
|_| PCLK 
HXT »| 000 Cc 
CLKSELO[2:0] ———! 
I—§t( 12C0 
\__pe(— 121 
HIRG m( FMC 
HCLK 
alll (SPIO 
PLL FOUT las me SPI 
CLKSEL1[4:5] ——_ 
HIRG <r 
HCLK »! 40 
pm 1/(ADC_N+1) }-—————__»(_ ADC 
PLL FOUT we! of 
HXT e! 00 
CLKSEL1[3:2] | 
HIRG el 44 
BEL EOUT e 01 > 1/(UART_N+1) |» UART 0-2 
HXT ye! 00 
CLKSEL1[25:24) ———! 
LIRG e>( BOD 
Legend: 
HXT = 4~24 MHz external high speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 
Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-7 NuMicro® NUC029xAN Clock Source Controller Overview (1/2) 
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HIRC. m 111 
BG 101 
T0~T3 +e 011 
HELK m 010 
mel > 000 
CLKSEL1[22:20] 
CLKSEL1[18:16] 
CLKSEL1[14:12] 
CLKSEL1[10:8] 
nn pm! 1/2 |e itt 
( SysTick _) 
Ene pe 1/2 |e! 010 
Reserved > 001 SYST_CSR[2] 
HAT > 000 
CLKSELO[5:3] 
HIRC el 44 
HCLK »| 10 
Reserved p> of 
HXT »! 00 »>( PWM 0-1 ) 
CLKSEL2[7:2] 
CLKSEL1[31:28] 
HCLK/2048 me DT 
CLKSEL2[17:16] 
HCLK "772048 mp WOT ) 
Reserved 
CLKSEL1[1:0] 
Legend: 
HXT = 4~24 MHz external high speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 
Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-8 NuMicro® NUC029xAN Clock Source Controller Overview (2/2) 
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5.3.2 System Clock and SysTick Clock 





The system clock has 4 clock sources which were generated from clock generator block. The 
clock source switch depends on the register HCLK_S (CLKSELO[2:0]). The block diagram is 
shown in Figure 5-9. 


HCLK_S (CLKSELO[2:0]) 
22.1184 MHz | 
HIRC 
SEE 


111 





10 kHz LIRC 





ae CPUCLK , gaan 
PLL FOUT : 


— >» 010 ——_» 

1/(HCLK_N+1) + HCLK AHB 
Reserved 
>} 001 HCLK_N (CLKDIV{[3:0]) PCLK 









































> APB 
4~24 MHz HXT 000 











CPU in Power Down Mode 


Legend: 

HXT =4~24 MHz external high speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 


Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-9 NuMicro® NUC029xAN System Clock Block Diagram 


The clock source of SysTick in Cortex®-MO core can use CPU clock or external clock 
(SYST_CSR[2]). If using external clock, the SysTick clock (STCLK) has 4 clock sources. The 
clock source switch depends on the setting of the register STCLK_S (CLKSELO[5:3]). The block 
diagram is shown in Figure 5-10. 


STCLK_S (CLKSELO[5:3]) 
22.1184 MHz ~ 
—_ 


1/2. ——» 111 


























HEL 1/2. ——»_ 011 


4~24 MHz STCLK © 
pl 








1/2» 010 














32.768 kHz 





> 001 
4~24 MHz 








> 000 





Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-10 NuMicro® NUC029xAN SysTick Clock Control Block Diagram 
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5.3.3 Power-down Mode Clock 





When chip enters Power-down mode, system clocks, some clock sources, and some peripheral 
clocks will be disabled. Some clock sources and peripherals clocks are still active in Power-down 
mode. 


The clocks still kept active are listed below: 
@ Clock Generator 
- 10 kHz internal low speed RC oscillator clock (LIRC) 


@ Peripherals Clock (when 10 kHz intertnal low speed RC oscillator is adopted as clock 
source) 
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5.3.4 Frequency Divider Output 


This device is equipped with a power-of-2 frequency divider which is composed by16 chained 
divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one 
multiplexer is reflected to CKO pin. Therefore there are 16 options of power-of-2 divided clocks 
with the frequency from Fin/2' to Fin/2'® where Fin is input clock frequency to the clock divider. 


The output formula is Fout = Fin/2*”, where Fi, is the input clock frequency, Fou is the clock 
divider output frequency and N is the 4-bit value in FSEL (FRQDIV[3:0)). 


When writing 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When writing 0 
to DIVIDER_EN (FRQDIV[4)), the chained counter continuously runs till divided clock reaches low 
state and stay in low state. 





FRQDIV_S (CLKSEL2[3:2]) 


FDIV_EN (APBCLK[6]) 
22.1184 MHz 


HIRC 
> 11 














HCLK \ 
>! 10 FRQDIV_CLK > 





10 kHz LIRC 
Z >! 01 








4724 MHz HXT oe . 
>» 00 HXT = 4724 MHz external high speed crystal oscillator 


HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 








Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-11 NuMicro® NUC029xAN Clock Source of Frequency Divider 
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Figure 5-12 NuMicro® NUCO29xAN Frequency Divider Block Diagram 
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5.4 Clock Controller of NuMicro® NUCO29FAE 
5.4.1 Overview 


The clock controller generates the clocks for the whole chip, including system clocks and all 
peripheral clocks. The clock controller also implements the power control function with the 
individually clock ON/OFF control, clock source selection and clock divider. The chip enters 
Power-down mode when Cortex®-MO core executes the WFI instruction only if the 
PWR_DOWN_EN (PWRCON[7]) bit and PD_WAIT_CPU (PWRCON{8)]) bit are both set to 1. 
After that, chip enters Power-down mode and wait for wake-up interrupt source triggered to leave 
Power-down mode. In the Power-down mode, the clock controller turns off the 4~24 MHz external 
high speed crystal oscillator (HXT) and 22.1184 MHz internal high speed RC oscillator (HIRC)to 
reduce the overall system power consumption. The following figures show the clock generator 
and the overview of the clock source control. 


The clock generator consists of 3 clock sources as listed below: 


@ 4-24 MHz external high speed crystal oscillator (HXT) or 32.768 kHz external low 
speed crystal oscillator (LXT) 


22.1184 MHz internal high speed RC oscillator (HIRC) 
10 kHz internal low speed RC oscillator (LIRC) 





XTLCLK_EN (PWRCONI1:0]) 











XTAL1 | ——————_ 424 MHz HXT HXT or LXT 
| or . 
32.768 kHz LXT 











XTAL2 




















OSC22M_EN (PWRCONT2]) 





22.1184 MHz HIRC , 
HIRC 














OSC10K_EN(PWRCONI3]) 





10 kHz LIRC 
LIRC r 














Legend: 

HXT = 4~24 MHz external high speed crystal oscillator 
LXT = 32.768 kHz external low speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 

LIRC = 10 kHz internal low speed RC oscillator 


Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-13 NuMicro® NUCO29FAE Clock Generator Block Diagram 
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5.4.2 System Clock and SysTick Clock 





The system clock has 3 clock sources which were generated from clock generator block. The 
clock source switch depends on the register HCLK_S (CLKSELO[2:0]). The block diagram is 
shown in Figure 5-14. 


HCLK_S (CLKSELO[2:0]) 
22.1184 MHz | 
HIRC 
Ee 


111 





10 kHz LIRC 011 





CPUCLK CPU 


Reserved O10 
——_—> |__y| 
HCLK 
1/(HCLK_N+1) . >! AHB 
Reserved 001 
Sr area al . 
4~24 MHz HXT or HCLK_N (CLKDIV[3-0)) PCLK 


=> APB 
32.768 kHz LXT 000 


















































CPU in Power Down Mode 


Legend: 

HXT =4~24 MHz external high speed crystal oscillator 
HIRC = 22.1184 MHz internal high speed RC oscillator 
LIRC = 10 kHz internal low speed RC oscillator 


Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-14 NuMicro® NUCO29FAE System Clock Block Diagram 


The clock source of SysTick in Cortex®-MO core can use CPU clock or external clock 
(SYST_CSR[2]). If using external clock, the SysTick clock (STCLK) has 4 clock sources. The 
clock source switch depends on the setting of the register STCLK_S (CLKSELO[5:3]). The block 
diagram is shown in Figure 5-15. 


STCLK_S (CLKSELO[5:3]) 
22.1184 MHz ~ 
—_ 


1/2. ——» 111 


























HEL 1/2. ——»_ 011 


4~24 MHz STCLK 
————_» 1/2 |—» 010 > 




















32.768 kHz 





> 001 
4~24 MHz 








> 000 





Note: Before clock switching, both the pre-selected and newly selected clock sources must be 
turned on and stable. 











Figure 5-15 NuMicro® NUCO29FAE SysTick Clock Control Block Diagram 
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5.4.3 ISP Clock Source Selection 





The clock source of ISP is from AHB clock (HCLKk). Please refer to the register AHBCLK. 


nee —+1sP (inSystem 
ISP_EN (AHBCLK[2]) |____——s Programmer) _| 


Figure 5-16 NuMicro® NUCO29FAE AHB Clock Source for HCLK 























5.4.4 Module Clock Source Selection 


The peripheral clock has different clock source switch settings depending on different peripherals. 
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12C_EN (APBCLK(8]) ry) 12c 

SPI_EN (APBCLK[12]) ry) SPI 

UART_EN (APBCLK[16]) rT) UART 

PWM01_EN (APBCLK[20]) om PwmM01 
PWM23_EN (APBCLK[21]) om i PWM23 
PWM45_EN (APBCLK(22]) on PWM45 

ADC_EN (APBCLK[28]) yo) ADC 

CMP_EN (APBCLK[30}) iD on ACMP 
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Figure 5-17 NuMicro® NUCO29FAE Peripherals Clock Source Selection for PCLK 


Ext. CLK (HXT Or 


WDT Yes 


Table 5-7 NuMicro® NUCO29FAE Peripheral Clock Source Selection Table 





5.4.5 Power-down Mode Clock 


When chip enters Power-down mode, system clocks, some clock sources, and some peripheral 
clocks will be disabled. Some clock sources and peripherals clocks are still active in Power-down 
mode. 


The clocks still kept active are listed below: 
@ Clock Generator 
- 10 kHz internal low speed RC oscillator clock (LIRC) 


@ 32.768 kHz external low speed crystal oscillator (LXT) clock (If PD_32K = 1 and 
XTLCLK_EN[1:0] = 10) 


@ Peripherals Clock (When 10 kHz low speed oscillator is adopted as clock source) 
- Watchdog Clock 
- Timer 0/1 Clock 
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5.5 Flash Memory Controller (FMC) 
5.5.1 Overview 


The NuMicro® NUC029 series has 64/32/16K bytes on-chip embedded Flash for application 
program memory (APROM) that can be updated through ISP procedure. The In-System- 
Programming (ISP) function enables user to update program memory when chip is soldered on 
PCB. After chip is powered on, Cortex®-MO CPU fetches code from APROM or LDROM decided 
by boot select (CBS) in CONFIGO. 


The NuMicro® NUC029 series also provides additional Data Flash for user to store some 
application dependent data before chip power off. The NUCO29xAN provides additional 4 Kbytes 
DATA Flash, and NUCO29FAE provides Data Flash that is shared with APROM and its start 
address is configurable and defined by user in CONFIG1. 


5.5.2 Features 


Runs up to 50 MHz with zero wait cycle for continuous address read access 
64/32/16 KB application program memory (APROM) 

Up to 4KB In-System-Programming (ISP) loader program memory (LDROM) 
Fixed 4KB Data Flash for NUCO29xAN 


Configurable Data Flash size and Programmable Data Flash start address for 
NUCO29FAE 


All embedded flash memory supports 512 bytes page erase 


@ Supports In-Application-Programming (IAP) to switch code between APROM and 
LDROM without reset 


@ = |n-System-Programming (ISP) to update on-chip Flash 
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5.6 External Bus Interface (EBI) (NUCO29LAN/NUCO29NAN Only) 


5.6.1 Overview 


The NuMicro® NUCO29LAN/NUCO29NAN has an external bus interface (EBI) to access external 
device. To save the connections between external device and this chip, EBI support address bus 
and data bus multiplex mode. Also, address latch enable (ALE) signal is used to differentiate the 
address and data cycle. 


5.6.2 Features 
@ Supports external devices with maximum 64 KB size (8-bit data width) / 128 KB (16- 
bit data width) 
Supports variable external bus base clock (MCLK) which based on HCLK 
Supports 8-bit or 16-bit data width 


Supports variable data access time (tACC), address latch enable time (tALE) and 
address hold time (tAHD) 


Supports address bus and data bus multiplex mode to save the address pins 


Supports configurable idle cycle for different access condition: Write command finish 
(W2X), Read-to-Read (R2R) 


@ Supports zero address hold time with read/write operation and write buffer for write 
operation to enhance read/write performance 
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5.7 General Purpose I/O (GPIO) 
5.7.1 Overview 


The NuMicro® NUC029 series has up to 40 General Purpose 1/O pins to be shared with other 
function pins depending on the chip configuration. These 40 pins are arranged in 6 ports named 
as PO, P1, P2, P38, P4 and P5. Each port has the maximum of 8 pins. Each of the 40 pins is 
independent and has the corresponding register bits to control the pin mode function and data. 


The I/O type of each of I/O pins can be configured by software individually as Input, Push-pull 
output, Open-drain output or Quasi-bidirectional mode. Each I/O pin has a very weak individual 
pull-up resistor which is about 110~300 KQ for Vpp is from 5.0 V to 2.5 V. 


5.7.2 Features 


@ ~=Four I/O modes: 
- Quasi-bidirectional 
- Push-Pull output 
- Open-Drain output 
- Input only with high impendence 
TTL/Schmitt trigger input selectable by Px_TYPE[15:0] in Px_MFP[23:16] 
I/O pin configured as interrupt source with edge/level setting 
Configurable default I/O mode of all pins after reset by CIOINI(CONFIG[10]) setting 
- For NUCO29xAN: 
m= If CIOINI is 0, all GPIO pins in input tri-state mode after chip reset 


m= If CIOINI is 1, all GPIO pins in Quasi-bidirectional mode after chip reset 
(Default) 


After reset, the I/O mode of all pins are stay in Quasi-bidirectional mode and 
each port data register Px_DOUT]7:0] resets to Ox000_OOFF. 


- For NUCO29FAE: 

m= If CIOINI is 0, all GPIO pins in Quasi-bidirectional mode after chip reset 

m= If CIOINI is 1, all GPIO pins in input tri-state mode after chip reset (Default) 
I/O pin internal pull-up resistor enabled only in Quasi-bidirectional I/O mode 
Enabling the pin interrupt function will also enable the pin wake-up function. 
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5.8 Timer Controller (TIMER) 
5.8.1 Overview 


The timer controller includes up to 4 sets 32-bit timers, TIMERO ~ TIMERS, allowing user to easily 
implement a timer control for applications. The timer can perform functions, such as frequency 
measurement, delay timing, clock generation, and event counting by external input pins, and 
interval measurement by external capture pins. 


5.8.2 Features 


Up to 4 sets of 32-bit timers with 24-bit up counter and one 8-bit prescale counter 
Independent clock source for each timer 


Provides four timer counting modes: one-shot, periodic, toggle and continuous 
counting 


@ Time-out period = (Period of timer clock input) * (8-bit prescale counter + 1) * (24-bit 
TCMP) 


Maximum counting cycle time = (1 / T MHz) * (2°) * (2™), T is the period of timer clock 
24-bit up counter value is readable through TDR (Timer Data Register) 

Supports event counting function to count the event from external counter pin (TO~T3) 
24-bit capture value is readable through TCAP (Timer Capture Data Register) 
Supports external pin capture (TOEX~T3EX) for interval measurement 

Supports external pin capture (TOEX~T3EX) for reset 24-bit up counter 


Supports chip wake-up from lIdle/Power-down mode if a timer interrupt signal is 
generated 


@ Supports internal capture triggered while internal ACMP output signal transition 
(NUCO029xAN only) 


Supports Inter-Timer trigger mode (NUCO029xAN only) 
Supports internal signal (CPO0, CPO1) for interval measurement (NUCO29FAE only) 
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5.9 PWM Generator and Capture Timer (PWM) (NUCO29xAN Only) 
5.9.1 Overview 


The NuMicro® NUCO029xAN has 2 sets of PWM group supporting a total of 4 sets of PWM 
generators that can be configured as 8 independent PWM outputs, PWMO~PWM7, or as 4 
complementary PWM pairs, (PWMO, PWM1), (PWM2, PWMS3), (PWM4, PWM5) and (PWM6, 
PWM7) with 4 programmable Dead-zone generators. 


Each PWM generator has one 8-bit prescaler, one clock divider with 5 divided frequencies (1, 1/2, 
1/4, 1/8, 1/16), two PWM Timers including two clock selectors, two 16-bit PWM counters for PWM 
period control, two 16-bit comparators for PWM duty control and one Dead-zone generator. The 4 
sets of PWM generators provide 8 independent PWM interrupt flags set by hardware when the 
corresponding PWM period down counter reaches 0. Each PWM interrupt source with its 
corresponding enable bit can cause CPU to request PWM interrupt. The PWM generators can be 
configured as one-shot mode to produce only one PWM cycle signal or auto-reload mode to 
output PWM waveform continuously. 


When DZENO1 (PCR[4]) is set, PWMO and PWM1 perform complementary PWM paired function; 
the paired PWM period, duty and Dead-time are determined by PWMO timer and Dead-zone 
generator 0. Similarly, the complementary PWM pairs of (PWM2, PWM3), (PWM4, PWM5) and 
(PWM6, PWM7) are controlled by PWM2, PWM4 and PWM6 timers and Dead-zone generator 2, 
4 and 6, respectively. 


To prevent PWM driving output pin with unsteady waveform, the 16-bit period down counter and 
16-bit comparator are implemented with double buffer. When user writes data to 
counter/comparator buffer registers, the updated value will be load into the 16-bit down counter/ 
comparator at the time down counter reaching 0. The double buffering feature avoids glitch at 
PWM outputs. 


When the 16-bit period down counter reaches 0, the interrupt request is generated. If PWM-timer 
is set as auto-reload mode, when the down counter reaches 0, it is reloaded with PWM Counter 
Register (CNRx) automatically then starts decreasing, repeatedly. If the PWM-timer is set as one- 
shot mode, the down counter will stop and generate one interrupt request when it reaches 0. 


The value of PWM counter comparator is used for pulse high width modulation. The counter 
control logic changes the output to high level when down-counter value matches the value of 
compare register. 


The alternate feature of the PWM-timer is digital input Capture function. If Capture function is 
enabled the PWM output pin is switched as capture input mode. The CaptureO and PWMO share 
one timer which is included in PWMO and the Capture1 and PWM1 share PWM1 timer, and etc. 
Therefore user must setup the PWM-timer before enable Capture feature. After capture feature is 
enabled, the capture always latched PWM-counter to Capture Rising Latch Register (CRLR) 
when input channel has a rising transition and latched PWM-counter to Capture Falling Latch 
Register (CFLR) when input channel has a falling transition. Capture channel 0 interrupt is 
programmable by setting CRL_IEOQ (CCRO[1]) (Rising latch Interrupt enable) and CFL_IEO 
(CCRO[2]) (Falling latch Interrupt enable) to decide the condition of interrupt occur. Capture 
channel 1 has the same feature by setting CRL_IE1 (CCRO[17]) and CFL_IE1 (CCRO[18]). And 
capture channel 2 to channel 3 on each group have the same feature by setting the 
corresponding control bits in CCR2. For each group, whenever Capture issues Interrupt 0/1/2/3, 
the PWM counter 0/1/2/3 will be reload at this moment. 


The maximum captured frequency that PWM can capture is confined by the capture interrupt 
latency. When capture interrupt occurred, software will do at least three steps, including: Read 
PIIR to get interrupt source and Read CRLRx/CFLRx(x=0~3) to get capture value and finally write 
1 to clear PIIR to O. If interrupt latency will take time TO to finish, the capture signal mustn’t 
transition during this interval (TO). In this case, the maximum capture frequency will be 1/TO. 
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5.9.2 Features 





5.9.2.1 PWM Function: 


@ Upto 2 PWM groups (PWMA/PWMB) to support 8 PWM channels or 4 
complementary PWM paired channels 


@ Each PWM group has two PWM generators with each PWM generator supporting one 
8-bit prescaler, one clock divider, two PWM-timers, one Dead-zone generator and two 
PWM outputs. 


Up to 16-bit resolution 
One-shot or Auto-reload mode 
Edge-aligned type or Center-aligned type option 


PWM trigger ADC start-to-conversion 


5.9.2.2 Capture Function: 
@ = Timing control logic shared with PWM Generators 
@ Supports 8 Capture input channels shared with 8 PWM output channels 


@ Each channel supports one rising latch register (CRLRx), one falling latch register 
(CFLRx) and Capture interrupt flag (CAPIFx) 
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5.10 Enhanced PWM Generator (NUCO29FAE Only) 
5.10.1 Overview 


The NuMicro® NUGO29FAE has built one PWM unit which is specially designed for motor driving 
control applications. The PWM unit supports six PWM generators which can be configured as 
three independent PWM outputs, PWM2, PWM3 and PWM5, or as three complementary PWM 
pairs, (PWMO, PWM1), (PWM2, PWM3) and (PWM4, PWM5) with three programmable dead- 
zone generators. 


Every complementary PWM pairs share one 8-bit prescaler. There are six clock dividers providing 
five divided frequencies (1, 1/2, 1/4, 1/8, 1/16) for each channel. Each PWM output has 
independent 16-bit counter for PWM period control, and 16-bit comparators for PWM duty control. 
The six PWM generators provide twelve independent PWM interrupt flags which are set by 
hardware when the corresponding PWM period counter comparison matched period and duty. 
Each PWM interrupt source with its corresponding enable bit can request PWM interrupt. The 
PWM generators can be configured as One-shot mode to produce only one PWM cycle signal or 
Auto-reload mode to output PWM waveform continuously. 


To prevent PWM driving output pin with unsteady waveform, the 16-bit period down counter and 
16-bit comparator are implemented with double buffer. When user writes data to 
counter/comparator buffer registers, the updated value will be loaded into the 16-bit down 
counter/ comparator at the end of current period. The double buffering feature avoids glitch at 
PWM outputs. 


Besides PWM, Motor controlling also need Timer, ACMP and ADC to work together. In order to 
control motor more precisely, we provide some registers that not only configure PWM but also 
Timer, ADC and ACMP, by doing so, it can save more CPU time and control motor with ease 
especially in BLDC. 

5.10.2 Features 


The PWM unit supports the following features: 
@ ~=Independent 16-bit PWM duty control units with maximum six port pins: 
Three independent PWM outputs -PWM2, PWM3 and PWM5 
Three complementary PWM pairs, with each pin in a pair mutually complement 
to each other and capable of programmable dead-zone insertion — (PWMO, 
PWM1), (PWM2, PWM3) and (PWM4, PWM5) 


@ Group control bit - PWM2 and PWM4 are synchronized with PWMO, PWM3 and 
PWM5 are synchronized with PWM1 


@ One-shot (only support edge alignment mode) or Auto-reload mode PWM 
@ = Up to 16-bit resolution 

@ Supports Edge-aligned and Center-aligned mode 

@ Programmable dead-zone insertion between complementary paired PWMs 
@ = Each pin of PWMO to PWM5 has independent polarity setting control 

@  ~=Hardware fault brake protections 


- Two Interrupt source types: 
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m Synchronously requested at PWM frequency when down counter 
comparison matched (edge- and center-aligned mode) or underflow (edge- 
aligned mode) 





m Requested when external fault brake asserted 
@  BKPO: EINTO or CPO1 


@ The PWM signals before polarity control stage are defined in the view of positive logic. 
The PWM ports is active high or active low are controlled by polarity control register 


@ Supports independently rising CMR matching (in Center-aligned mode), CNR 
matching (in Center-aligned mode), falling CMR matching, period matching to trigger 
ADC conversion 


@ Timer comparing matching event trigger PWM to do phase change in BLDC 
application 


@ Supports ACMP output event trigger PWM to force PWM output at most one period 
low, this feature is usually for step motor control 


Provides interrupt accumulation function 
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5.11 Watchdog Timer (WDT) 





5.11.1 Overview 
The purpose of Watchdog Timer is to perform a system reset when system runs into an unknown 


state. This prevents system from hanging for an infinite period of time. Besides, this Watchdog 
Timer supports the function to wake-up system from Idle/Power-down mode. 


5.11.2 Features 


18-bit free running up counter for Watchdog Timer time-out interval. 


Selectable time-out interval (2* ~ 2'*) WDT_CLK cycle and the time-out interval period 
is 104 ms ~ 26.3168 s if WDT_CLK = 10 kHz. 


System kept in reset state for a period of (1 / WDT_CLKk) * 63 
Supports Watchdog Timer reset delay period (NUCO29xAN only) 
- Selectable it includes (1026 - 130 + 18 or 3) * WDT_CLK reset delay period 


@ Supports to force Watchdog Timer enabled after chip powered on or reset while 
CWDTEN (CONFIGO[31] Watchdog Enable) bit is set to 0 (NUCO29xAN only) 


@ Supports Watchdog Timer time-out wake-up function only if WDT clock source is 
selected as 10 kHz 
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5.12 Window Watchdog Timer (WWDT) (NUCO29xAN Only) 





5.12.1 Overview 


The NuMicro® NUCO29xAN supports The Window Watchdog Timer (WWDT). WWDT is used to 
perform a system reset within a specified window period to prevent software run to uncontrollable 
status by any unpredictable condition. 


5.12.2 Features 


@ = 6-bit down counter value WWDTCVAL (WWDTVALJ[5:0]) and 6-bit compare window 
value WINCMP (WWDTCR[21:16]) to make the WWDT time-out window period 
flexible 


@ Supports 4-bit value to programmable maximum 11-bit prescale counter period of 
WWDT counter 
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5.13 UART Interface Controller (UART) 
5.13.1 Overview 


The NuMicro® NUC029 series provides up to 2 channels of Universal Asynchronous 
Receiver/Transmitters (UART). UART Controller performs Normal Speed UART, and supports 
flow control function. The UART Controller performs a serial-to-parallel conversion on data 
received from the peripheral, and a parallel-to-serial conversion on data transmitted from the 
CPU. The UART controller also supports IrDA SIR Function and RS-485 function mode. The 
NUCO029xAN also supports LIN master/slave function mode. Each UART Controller channel 
supports six types of interrupts. NUCO29xAN has seventh interrupt, LIN receiver break field 
detected interrupt (LIN - RX _BREAK_INT). 


5.13.2 Features 


Full duplex, asynchronous communications 


@ Separates receive / transmit 16/16 bytes entry FIFO for data payloads 

@ Supports hardware auto flow control/flow control function (CTS, RTS) and 
programmable RTS flow control trigger level 

@ Programmable receiver buffer trigger level 

@ Supports programmable baud-rate generator for each channel individually 

@ Supports CTS wake-up function 

@ Supports 8-bit receiver buffer time-out detection function 

@ Programmable transmitting data delay time between the last stop and the next start bit 


by setting DLY (UA_TOR [15:8]) register 


@ Supports break error, frame error, parity error and receive / transmit buffer overflow 
detect function 


@  ~=Fully programmable serial-interface characteristics 
- Programmable data bit length, 5-, 6-, 7-, 8-bit character 


- Programmable parity bit, even, odd, no parity or stick parity bit generation and 
detection 


- Programmable stop bit length, 1, 1.5, or 2 stop bit generation 
@ Supports IrDA SIR function mode 

- Supports 3-/16-bit duration for normal mode 
@ Supports RS-485 function mode. 

- Supports RS-485 9-bit mode 


- Supports hardware or software enable to control RS-485 transmission direction 
by programming RTS pin 
@ Supports LIN function mode (NUCO029xAN only) 


- Supports LIN master/slave mode 
- Supports programmable break generation function for transmitter 
- Supports break detect function for receiver 
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5.14 I?C Serial Interface Controller (I?C) 

5.14.1 Overview 
?C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data 
exchange between devices. The I?C standard is a true multi-master bus including collision 
detection and arbitration that prevents data corruption if two or more masters attempt to control 
the bus simultaneously. 


5.14.2 Features 


The |?C bus uses two wires (SDA and SCL) to transfer information between devices connected to 
the bus. The main features of the I°C bus include: 


@ Supports up to two I°C serial interface controller 

@ Master/Slave mode 

@ Bidirectional data transfer between masters and slaves 
@ Multi-master bus (no central master) 


@ = Arbitration between simultaneously transmitting masters without corruption of serial 
data on the bus 


@ = Serial clock synchronization allow devices with different bit rates to communicate via 
one serial bus 


@ = Serial clock synchronization used as a handshake mechanism to suspend and 
resume serial transfer 


@ Built-in a 14-bit time-out counter requesting the I°C interrupt if the I?C bus hangs up 
and timer-out counter overflows. 


@ Programmable clocks allow for versatile rate control 

@ Supports 7-bit addressing mode 

@ Supports multiple address recognition ( four slave address with mask option) 
@ Supports Power-down wake-up function 


@ Support FIFO function (NUCO29FAE only) 
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5.15 Serial Peripheral Interface (SPI) 
5.15.1 Overview 


The Serial Peripheral Interface (SPI) is a synchronous serial data communication protocol that 
operates in full duplex mode. Devices communicate in Master/Slave mode with the 4-wire bi- 
direction interface. The NuMicro® NUC029 series contains up to 2 sets of SPI controllers 
performing a serial-to-parallel conversion on data received from a peripheral device, and a 
parallel-to-serial conversion on data transmitted to a peripheral device. Each set of SPI controller 
can be configured as a master or a slave device. 


5.15.2 Features 


Up to 2 sets of SPI controllers 

Supports Master or Slave mode operation 

Configurable bit length of a transaction word from 8 to 32 bits 
Provides separate 4-layer depth transmit and receive FIFO buffers 
Supports MSB first or LSB first transfer sequence 

Supports the Byte Reorder function 

Supports Byte or Word Suspend mode 

Supports Slave 3-wire mode 

Supports PLL clock source (NUC029xAN only) 
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5.16 Analog-to-Digital Converter (ADC) 
5.16.1 Overview 


The NuMicro® NUC029xAN contains one 12-bit successive approximation analog-to-digital 
converters (SAR A/D converter) with 8 input channels, and The NuMicro® NUCO29FAE contains 
one 10-bit successive approximation analog-to-digital converters (SAR A/D converter) with 8 input 
channels. 


The A/D converter of NUCO29xAN supports four operation modes: Single, Burst, Single-cycle 
Scan and Continuous Scan mode, and the A/D converter of NUCO29xAN only supports Single 
mode. 


The A/D converter can be started by software, PWM trigger and external STADC pin. 
5.16.2 Features 


@ = Analog input voltage range: 0O~AVpp 

@ 12-bit resolution and 10-bit accuracy is guaranteed (NUCO29xAN only) 
@ 10-bit resolution and 8-bit accuracy is guaranteed (NUCO29FAE only) 
@ Up to 8 single-end analog input channels 

- Or 4 differential analog input channels (NUCO29xAN only) 

Up to 760 kSPS sample rate for NUCO29xAN 


@ 300 KSPS (Vpp 4.5V - 5.5V) and 200 KSPS (Vpp 2.5V - 5.5V) conversion rate for 
NUCO29FAE 


@ Four operating modes (NUCO29FAE only supports Single mode) 


- Single mode: A/D conversion is performed one time on a specified channel 


- Burst mode: A/D converter samples and converts the specified single channel 
and sequentially stores the result in FIFO. 


- Single-cycle Scan mode: A/D conversion is performed one cycle on all specified 
channels with the sequence from the smallest numbered channel to the largest 
numbered channel 


- Continuous Scan mode: A/D converter continuously performs Single-cycle scan 
mode until software stops A/D conversion 


@ AnA/D conversion can be started by: 
- Writing 1 to ADST bit (ADCR[11]) through software 
- PWM trigger with optional start delay period 
- External pin STADC 
Each conversion result is held in data register with valid and overrun indicators 
Each channel has individual data regiter (NUCO29xAN only) 


The conversion result can be compared with specify value and user can select 
whether to generate an interrupt when conversion result matches the compare 
register setting 


@ Channel 7 supports 3 input sources: 
- external analog voltage 


- internal Band-gap voltage 
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- internal temperature sensor output (NUCO29xAN only) 
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5.17 Analog Comparator (ACMP) 





5.17.1 Overview 


The NuMicro® NUC029 series contains up to four sets of comparators which can be used in a 
number of different configurations. The comparator output is logic 1 when positive input voltage is 
greater than negative input voltage; otherwise the output is logic 0. Each comparator can be 
configured to generate interrupt request when the comparator output value changes. 


5.17.2 Features 


Up to four sets of Comparator analog modules 

Analog input voltage range: 0~ Vpp 

Supports Hysteresis function 

Optional internal reference voltage source for each comparator negative input 
Two interrupt vectors for the four analog comparators 

External input or internal band-gap voltage selectable at negative node 
Interrupt when compared results change 


Power-down wake-up 
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5.18 Hardware Divider (HDIV) (NUCO29xAN Only) 





5.18.1 Overview 
The NuMicro® NUCO29xAN has the hardware divider (HDIV). HDIV is useful to the high 
performance application. The hardware divider is a signed, integer divider with both quotient and 
remainder outputs. 
5.18.2 Features 
@ = Signed (two’s complement) integer calculation 


@® 32-bit dividend with 16-bit divisor calculation capacity 


@® 32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends to 32- 
bit) 


@ Divided by zero warning flag 
@ 6HCLK clocks taken for one cycle calculation 
@ = Write divisor to trigger calculation 


@ Waiting for calculation ready automatically when reading quotient and remainder 
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6 APPLICATION CIRCUIT 
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7 NUCO29XAN ELECTRICAL CHARACTERISTICS 


7.1 Absolute Maximum Ratings 


[simon amaneren [wm [maxon 
DC Power Supply -0.3 +7.0 
Input Voltage Vin 
Oscillator Frequency MHz 
Operating Temperature +85 

Storage Temperature 

Maximum Current into Vpp 

Maximum Current out of Vss 

Maximum Current sunk by a I/O pin 

Maximum Current sourced by a I/O pin 


Maximum Current sunk by total I/O pins 


Maximum Current sourced by total I/O pins 





Note: Exposure to conditions beyond those listed under absolute maximum ratings may adversely affects the lift and reliability 
of the device. 
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7.2 DC Electrical Characteristics 
(Vpp-Vss=5.5 V, Ta = 25°C) 


SPECIFICATION 


PARAMETER 


Operation Voltage = 


TEST CONDITIONS 


= 
3 


Vop = 2.5V ~ 5.5V up to 50 MHz 


Power Ground 


LDO Output Voltage 


Band-gap Voltage =f 


Allowed Voltage Difference for Vpp Von-AV 
and AVpbp DDE: pp 


Operating Current Ipp1 
Normal Run Mode 
ios Eh 


a 

0 
oa 
a 


1.20 Vop = 2.5 V ~ 5.5 V, Ta = 25°C 


Von =2.5V~5.5 V, 
= -40°C ~ 85°C 


1.20 


Er 
io 
A 


oO 
oo 


BE 


All digital 
5.5V | 12 MHz 
.5V | 12 MHz 


oyoa 
wl oa 


.3V | 12 MHz 


nine joe | 
Ipps 
Excuted from Flash 


Operating Current lpps 

Normal Run Mode 

HCLK = 22.184 MHz | tooe | 

ey jor | 
Ipp7 

Excuted from Flash 


Operating Current 
Normal Run Mode 
HCLK = 12 MHz 


ney jos | 
Ipp11 
Excuted from Flash 


Operating Current Ippi3 
Normal Run Mode 


hile(4 
Excuted from Flash 
[tee [= fos] = [a ov [i 
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| SPECIFICATION | 
PARAMETER TEST CONDITIONS 
HIRC | LI 
Operating Current lpp17 
Normal Run Mode 


i 
HCLK = 10 kHz Kalz@ 


while(1){} [4] 
a V' 
Excuted from Flash 





All digital 
modules 


Ea 


modules 


| oo | 


Operating Current 


i ee fe 
HCLK = 50 MHz 
ca 


vo | er 
Ecegcos= 
tos] - [wa |ssv] x | x | 
ee 

el 
nes sv feme>x [vp v 


Ya sv [rome] x fw | 
BOCs es 


| - [ma] 3.av | 3. Esa | 12. MHz | Pi2MHz| x | 


ee Rca io me | 
modules 


wes | 


Operating Current 


HCLK= 22.1184 MHz 


Operating Current 


Idle Mode teow _| 12 | 42 MHz | xX x 


em ES CaCeae 
erg cGoc sme | 


HxT |HIRC| PLL | All digital 
lipLe13 modules 
5.5V | 4MH 
Operating Current Peper pe 


pssv{ x |v {x | vi | 
paleo Po ff 
safe pf 


All digital 
modules 


[ehsteets 
pea soy free 


Idle Mode toe | 5. | 5.5V | | 4 MHz | | 4 MHz | 


ee acacia 


tne | - [ma] sav 3. | sav 4 Mc 4 Mc 


HxXT}HIRC |LIRC| PLL | 4! digital 
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5.5V eae ee 
Operating Current 
ca atleictomcet ta 
HCLK = 10 kH 
es le ee ee 
ee Se eee ee 
Seneey Cunch } tne f= [a0] = fan = = 5.5V, All oscillators and analog blocks turned 
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SPECIFICATION 
PARAMETER E TEST CONDITIONS 
eee 


Power-down Mode Vop = 3.3V, All oscillators and analog blocks turned 


(Deep Sleep Mode) off 


Logic 0 Input Current P0/1/2/3/4 i 

(Quasi-bidirectional mode) cd Ua cel back a 
Logic 1 to 0 Transition Current 

P0/1/2/3/4 (Quasi-bidirectional -750 | vA |Vop = 5.5V, Vin= 2.0V 
mode) 


Vpbp = 5.5V, 0<Vin<Vop 


Input Leakage Current P0/1/2/3/4 : F 
Open-drain or input only mode 


Input Low Voltage P0/1/2/3/4 (TTL Vor = tOv 


input) : Von = 2.8V 


Vop = 5.5V 
Input High Voltage PO/1/2/3/4 (TTL 
input) 

Vpp =3.0V 


Vop = 4.5V 
Input Low Voltage XTAL1!2! 
Vop = 2.5V 


Vop = 5.5V 
Input High Voltage XTAL1"2! 


Vpp = 3.0V 
Negative going threshold , 0.2 
(Schmitt input), nRST a Vop 
Positive going threshold 0.7 Vop 
Vins 

(Schmitt input), nRST Vop +0.3 
Internal nRST Pin Pull-up Resistor $$ 
Negative going threshold 

g = 9 Vas 0.3 0.3 V 
(Schmitt input), PO/1/2/3/4 Vop 
Positive going threshold 0.7 Vig 

weave Vins Vv 

(Schmitt input), P0/1/2/3/4 Vop +0.3 
Source Current P0/1/2/3/4 (Quasi- 
Source Current P0/1/2/3/4 (Push- _ _ 


Sink Current P0/1/2/3/4 (Quasi- | ten | 10 [16 | - [ma lh 
bidirectional and Push-pull Mode) | te | 6 fo] - [mal Vp = 2.7V, Ve = 0.45V 
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| SPECIFICATION | 
PARAMETER ape | TEST CONDITIONS 


Note 1: nRST pin is a Schmitt trigger input. 
Note 2: XTAL1 is a CMOS input. 


Note 3: Pins of PO, P1, P2, P3 and P4 can source a transition current when they are being externally driven from 1 to 0. In the 
condition of Vop = 5.5 V, the transition current reaches its maximum value when Vy approximates to 2 V. 


Note 4: Only enable modules which support 10 kHz LIRC clock source. 
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7.3 AC Electrical Characteristics 


7.3.1 External Input Clock 




















Note: Duty cycle is 50%. 


ES 
a 
Tea [center fe | 
ce 


7.3.2 External 4~24 MHz High Speed Crystal (HXT) 


SYMBOL PARAMETER CONDITION sere ee UNIT 
ce 
Operating Current 


7.3.2.1 Typical Crystal Application Circuits 











4 MHz ~ 24 MHz 10~20pF 10~20pF 
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XTAL1 XTAL2 


Vss Vss 











Figure 7-1 NUCO29xAN Typical Crystal Application Circuit 


7.3.3 Internal 22.1184 MHz High Speed RC Oscillator (HIRC) 


SYMBOL PARAMETER CONDITION | wun. | TYP. | 


Center Frequency 


Calibrated Internal Oscillator 
Frequency 


Operation Current 


Note: Operation voltage comes from internal LDO. 


22.1184 


Ta = -40 ~ 85 °C, 
Vpp = 2.5 V ~ 5.5V 





7.3.4 Internal 10 kHz Low Speed RC Oscillator (LIRC) 


SYMBOL PARAMETER 
Operation Voltage Vpp 





Center Frequency 
fre Calibrated Internal Oscillator ves eo ees ay 
Frequency The -40 485 © 
Vop = 2.5 Vv ¥ 5.5 Vv 
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7.4 Analog Characteristics 
7.4.1 12-bit SAR ADC Specification 


SYMBOL PARAMETER 


= 
< 
U 


= 
ine) 


Resolution 


Differential nonlinearity error 
Integral nonlinearity error 


Offset error 


> a 


n 
ive) 


Gain error (Transfer gain) 


Absolute Error 


4 
alalale]7 
n 
oo 


Monotonic Guaranteed 
ADC clock frequency (AVpp = 4.5V ~ 5.5V) 

ADC clock frequency (AVpp = 2.5V ~ 5.5V) 

Sample rate (Fapc/Tconv) (AVop = 4.5V ~ 5.5V) 

Sample rate (Fapc/Tconv) (AVop = 2.5V ~ 5.5V) 

Taca Acquisition Time (Sample Stage) 


Tconv Total Conversion Time 20 


oz 
a 
ae 
a 
a 
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Es (Full scale error) = Eo + Eg 





Gain Error Offset Error 
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4095 - 











4094 + 


4093 - 


4092 | 





Ideal transfer curve 






































ADC 
output 5 - 
code Nn 
4 - ame 
ves 
3 7 
i rare 7 
Wz 7 7 
2 7 DNL 
4 
Ut kel 
LP 1 LSB 
ae 
A oe [1 4, l |_| si 
Pe i 4095 
Ott Ee na se tage 











Note: The INL is the peak difference between the transition point of the steps of the calibrated transfer curve and the ideal 
transfer curve. A calibrated transfer curve means it has calibrated the offset and gain error from the actual transfer curve. 


7.4.2 LDO and Power Management Specification 


rs Se ce 
a 


a 


Note 1: It is recommended that a 0.1 uF bypass capacitor is connected between Vpp and the closest Vss pin of the device. 





Note 2: To ensure power stability, a 1 uF or higher capacitor must be connected between LDO_CAP pin and the closest Vss 
pin of the device. 
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7.4.3 Low Voltage Reset Specification 


[saor | pamaneren——‘[_—conomiow [wm [Tm | wae [on | 
Pam | voavennenie | +f» |||] 
a 
i A 


Threshold Voltage 





7.4.4 Brown-out Detector Specification 


a 
a 
a 
flee | escent current | Avn=ssv | T= | 40 | a 
wooo [ee foe pov 

Brown-out Voltage BOD_VL [1:0]=10 | 35 | 368 | 305 | v | 

rao soonnman [as | ew | ems |v 
sooucrare | =» [ em | es v 
soonrarn [ea [ae [os | 

Brown-out Voltage BOD_VL [1:0]=10 | ss | 38 | 405 | v | 

an poxveronn [asf ar | ame | 
sooucnorm [20] ew | em Dv 


< 


< 


< 


< 


< 


< 





< 


| | | 
ja 
< 


SYMBOL 


Operating Temperature 
Vpor Reset Voltage 


Vop Start Voltage to 


Veor 
Ensure Power-on Reset 


ee Vpp Raising Rate to 
nor Ensure Power-on Reset 


Minimum Time for Vop 
Stays at Veor to Ensure 
Power-on Reset 
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Time 





Figure 7-2 NUCO29xAN Power-up Ramp Condition 
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7.4.6 Temperature Sensor Specification 


SYMBOL PARAMETER CONDITION | wun. | typ. | Max. | UNIT 


ns 


Note 1: Operation voltage comes from internal LDO. 





Note 2: The temperature sensor formula for the output voltage (Vtemp) is as below equation. 


Vtemp (mV) = Gain (mV/‘C) x Temperature (‘C) + Offset (mV) 


7.4.7 Comparator Specification 


[saoor | _pananeren ‘| —conomiow [wm [rm | wax [on | 
[von | orenonvetneave |__| 2s | | =» |v 
a 
a 
ae 

ee 

[rea commoners [| 


Voom = 1.2 V, 
Propagation Delay adi 
Voir = 0.1 V 
ee 


10 
+20 





a a ee eo 
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7.5 Flash DC Electrical Characteristics 


[smooc | _Paraweren ——[__conomiow [wm [vm | wax [ont] 
rs ee ce ce 
es 
en a 


a 
a 
a 
A 


Note 1: Operation voltage comes from internal LDO. 





Note 2: This table is guaranteed by design, not test in production. 
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8 NUCO29FAE ELECTRICAL CHARACTERISTICS 


8.1 Absolute Maximum Ratings 


[simon amaneren [wm [mak un 
DC Power Supply -0.3 +7.0 
Input Voltage Vin 
Oscillator Frequency MHz 

Operating Temperature -40 
Storage Temperature Tst -55 


Maximum Current into Vop 120 
Maximum Current out of Vss Ps 7 120 
Maximum Current sunk by a I/O pin a ee ee 
Maximum Current sourced by a I/O pin a ee 
Maximum Current sunk by total I/O pins fe al 100 
Maximum Current sourced by total I/O pins FT t00 ma 


Note: Exposure to conditions beyond those listed under absolute maximum ratings may adversely affects the life and reliability 
of the device. 
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8.2 DC Electrical Characteristics 
(Vpp-Vss = 5.5 V, Ta = 25°C) 





PARAMETER 


Operation Voltage 


Power Ground 


LDO Output Voltage 


Band-gap Voltage 


Allowed Voltage Difference for Vpp 


and AVpbp 


Operating Current 
Normal Run Mode 
HCLK = 24 MHz 
while(1){} 

Excuted from Flash 


Operating Current 
Normal Run Mode 
HCLK = 22.184 MHz 
while(1){} 

Excuted from Flash 


Operating Current 
Normal Run Mode 
HCLK = 12 MHz 
while(1){} 

Excuted from Flash 


Operating Current 
Normal Run Mode 
HCLK = 4 MHz 
while(1){} 

Excuted from Flash 
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SPECIFICATION 


TEST CONDITIONS 


3/3 ]3 3 3/3 ]3 3 3/3 ]3 3 3 ]3 = 3 
wo 
wo 


Vop = 2.5V ~ 5.5V up to 24 MHz 


z< < 
eo & 3 


Vop = 2.5 V ~ 5.5 V, Ta = 25°C 


Voo = 2.5 V ~ 5.5 V, 
= -40°C ~ 105°C 


) 
ro) 


0.3 


HX 


5 


All digital 
x me 


ao 
a 
< 


24 MHz 
5V | 24 MHz 


oa 
wl] oa 
x< 


NI 
ao 
< 


24 MHz 


oa 
oO 


.38V | 24 MHz X 


All digital 
All digital 
x = 


a S 
= 7 


HX 


a 


wo 
w 
< 
nm 
= <x |< | xX 
— 
N 


Ory or 
ala 
</< 


ee 
w 
< 


HX 


- : 


oa 
a 
< 


12 MHz 
12 MHz 


A 
(or) 
or 
a 
< 
x< 


oo 
w 
< 


12 MHz 


oo 
io) 
< 


1 X 


HIRC All digital 
modules 


Rev 1.04 


olata ¢ 
alala 
</|<|/< 


ie) 
ww 
< 
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| SPECIFICATION = 
PARAMETER TEST CONDITIONS 
| max. [UNIT | 


Operating Current Ipp17 modules 
4 

Normal Run Mode 

ae REE EE 


hile(4 
in eS 
Excuted from Flash 
= Pattee 28V 


lines mA modules 
Operating Current 24 MHz ie 


HCLK = 24 MH 
aan rest fat fafa ze pect 


Foxes | | ma | 3. | 3.3v | } 24 MHz | } 24 MHz | 


lates mA modules 
Operating Current pete 


HCLK= 22.1184 MH 
© Fine = pe [foe aay oe | 
p={ pet on ee 





Idle Mode | over | } 12 MHz | } 12 MHz | 


a Cd eC CN 
Seom oot 


lipLe13 mA modules 
Operating Current tae 
Idle Mode Powe | | ma | 5. | 5.5V | | 4 MHz | | 4 MHz | 


csi tpl felon 


HXxT }HIRC | LIRc | 4!" digital 
lipLe17 modules 
eee pe e 
Operating Current 
oc iets tet emtetettt a 
HCLK = 10 kH 
jimee | = | mo | = fom fov| x [x [v | | 
ee 
Vopp = 5.5V, All oscillators and analog blocks 
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SPECIFICATION 
PARAMETER : TEST CONDITIONS 
TYP. 


Power-down Mode Vop = 3.3V, All oscillators and analog blocks 


(Deep Sleep Mode) turned off 


Logic 0 Input Current P0/1/2/3/4 
(Quasi-bidirectional mode) oa | Nan S.2Ve Vai OM 
Logic 1 to 0 Transition Current 
P0/1/2/3/4 (Quasi-bidirectional -750 vA |Vpp = 5.5V, Vin= 2.0V 
mode) 
Vop = 5.5V, 0<Vin<Vpp 
Input Leakage Current P0/1/2/3/4 IK -1 +1 uA ; ; 
Open-drain or input only mode 


Input Low Voltage P0/1/2/3/4 (TTL | pf fee |, Mopi= 40M 
Input High Voltage P0/1/2/3/4 (TTL p20 | = freee Vo = 5.5V 
Mpa Vo =3.0V 
Input Low Voltage XTAL1!! 
Von = 2.5V 
| Ea a 
Input High Voltage XTAL1!?! 


No=s0V = 3.0V 


Negative going threshold 
(Schmitt input), nRST 


Positive going threshold 
(Schmitt input), nNRST 


Internal nRST Pin Pull-up Resistor | Internal nRST Pin Pull-up Resistor | Pin Pull-up Resistor Rast peta} fate Lae NMoo=25v~55V = NMoo=25v~55V 5V ~ 5.5V 
Negative going threshold 
ft Vits 0.3 Vop 
(Schmitt input), PO/1/2/3/4 
Positive going threshold 
a Vins 0.7 Vop Vpp +0.3 
(Schmitt input), P0/1/2/3/4 
Source Current P0/1/2/3/4 a es 
Source Current P0/1/2/3/4 (Push- _ _ 
Sink Current P0/1/2/3/4 (Quasi- _ _ 


Note 1: nRST pin is a Schmitt trigger input. 
Note 2: XTAL1 is a CMOS input. 
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Note 3: Pins of PO, P1, P2, P3 and P4 can source a transition current when they are being externally driven from 1 to 0. In the 
condition of Vpp = 5.5 V, the transition current reaches its maximum value when Vy approximates to 2 V. 





Note 4: Only enable modules which support 10 kHz LIRC clock source. 
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8.3 AC Electrical Characteristics 


8.3.1 External Input Clock 




















Note: Duty cycle is 50%. 


ES 
a 
Tea [center fe | 
ce 


8.3.2 External 4~24 MHz High Speed Crystal (HXT) 


SYMBOL PARAMETER CONDITION sere ee UNIT 
ee ce ce ce 
Operating Current 


8.3.2.1. Typical Crystal Application Circuits 











4 MHz ~ 24 MHz 10~20pF 10~20pF 
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XTAL1 XTAL2 





Vss Vss 











Figure 8-1 NUCO29FAE Typical Crystal Application Circuit 


8.3.3 Internal 22.1184 MHz High Speed RC Oscillator (HIRC) 


SYMBOL PARAMETER CONDITION | wun, | typ. | Max. | UNIT 


Ta =25 °C, 
4 + % 
Calibrated Internal Oscillator woo 
fe} 


Frequency Ta =-40~ 105 C, 
3 +3 
Von =2.5V~5.5V 


; Ta =25 C, 
lurc Operation Current 700 uA 
Vop = 5 V 


Note : Operation voltage comes from internal LDO. 
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HIRC oscillator accuracy vs. temperature 


x 
vo 
oo 
© 
~ 
i= 
vo 
15) 
i= 
oO 

a. 
i= 

2 
~ 

mY 
> 
iy 

a 














8.3.4 Internal 10 KHz Low Speed RC Oscillator (LIRC) 


SYMBOL PARAMETER CONDITION | MIN. TYP. | max. | UNIT 


Ti = 25, 
-10 +10 % 
Calibrated Internal Oscillator i ai a 
Frequency Ta =-40 ~ 105 C, 
-40 +40 % 
Von =2.5V~5.5V 
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8.4 Analog Characteristics 


8.4.1 10-bit SAR ADC Specification 


SYMBOL PARAMETER 


Resolution 


Differential nonlinearity error 
Integral nonlinearity error 


Offset error 


> a 


Gain error (Transfer gain) 

Absolute Error 

Monotonic 

ADC clock frequency (AVpp = 4.5V ~ 5.5V) 
ADC clock frequency (AVpp = 2.5V ~ 5.5V) 
Sample rate (Fapc/Tconv) (AVop = 4.5V ~ 5.5V) 
Sample rate (Fapc/Tconv) (AVop = 2.5V ~ 5.5V) 
Taca Acquisition Time (Sample Stage) 


Tconv Total Conversion Time N+14"! 


oz 
a 
a 
[en Yootcnsnes Se 
a 


Note 1: ADC voltage reference is same with AVpp. 
Note 2: N is sampling counter, N=0, 1, 2, 4, 8, 16, 32, 4, 128, 256, 1024. 
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E- (Full scale error) = Eo + Eg 





Gain Error Offset Error 
Ec Eo 


a 


1023 = 











1022 - 


1021+ 


1020 + 





Ideal transfer curve 








ADC 


output 5 7 7 7 Actual transfer curve 
code an 7 
































7 Vv 
AG 4 
2 A DNL 
uA 
[Ak 
Die 1 LSB 
4 
41 i A Li, > 
Maina | 1023 
Greneeer nalog input voltage 


- (LSB) 











Note: The INL is the peak difference between the transition point of the steps of the calibrated transfer curve and the ideal 
transfer curve. A calibrated transfer curve means it has calibrated the offset and gain error from the actual transfer curve. 


8.4.2 LDO and Power Management Specification 


SYMBOL PARAMETER CONDITION | MIN. TYP. | MAX. | UNIT 


Note: It is recommended that a 0.1 uF bypass capacitor is connected between Vpp and the closest Vss pin of the device. 
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8.4.3 Low Voltage Reset Specification 


Ss 
Tae | revanenvn ff es |_| ss |v 
es 
es 


Pe fs [oe 
es ie 
ewe [oe [ew [ew Po 

.20 2.45 





8.4.4 Brown-out Detector Specification 


Teemeo | eeaneree [eer ww 
CO 
a 
a 
wooo [ee foe fav 

Brown-out Voltage BOD_VL [1:0]=10 | 35 | 368 | 305 | v | 

rain sn soorrazar [2s | am [aes |v 
sooucrare | =» [ em | es v 
coomirarn [op ase [mW 

Brown-out Voltage BOD_VL [1:0]=10 | ss | 38 | 405 | v | 

mam sooverow [a8 [ar | am |v 
soovenrone [ee few [ae | 


<;|/<|< 


< 


<|< 


< 


< 





SYMBOL PARAMETER CONDITION | wun. | typ. | Max. | UNIT 
Operating Temperature fo ose -40 25 85 “ 


Vop Start Voltage to 
Ensure Power-on Reset 


Vpp Raising Rate to 
Ensure Power-on Reset 


Minimum Time for Vop 
Stays at Veor to Ensure 
Power-on Reset 
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Vpp 




















Time 





Figure 8-2 NUCO29xAN Power-up Ramp Condition 
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8.4.6 Comparator Specification 


[sor |_pamaneren——‘[_—conomiow [wm [Tm | wae [on | 
[von | omenonvetneav |__| 2s |_| =» |v 
a a 
rs 
Oe 
a 





| Cain Gain 


T P tion Del ee ae 
ropagation Vela’ 
ee pee Vor = 0.1 V 
Stable Time ee ee) 


Inout Common Made Range a ee Av 
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8.5 Flash DC Electrical Characteristics 


[smooc | ranaweren ——[_conomon [wm [vm | wax [ont | 
ee ce ce 
es 
es 


en a 
ine [Panne PO 
a 
a 
a 


Note 1: Operation voltage comes from internal LDO. 





Note 2: Number of program/erase cycles. 


Note 3: This table is guaranteed by design, not test in production. 
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9 PACKAGE DIMENSIONS 





9.1 48-pin LQFP (7x7x1.4 mm) 


: Hy = 
D 


A2 Al 
36 | 25 | - 


31 | ie) 
























































































































































































































































































































































































































































































































































Hr E = 
Ag O 13 
t - 
= 
1S 12 
‘ 
a im a C 
SEATING PLANE co 4 ok | \ 4 
A he jy 
LL 1 
u 
Controlling dimension : Millimeters 
Dimension in inch Dimension inmm 
Symbol : - 
Min | Nom | Max | Min | Nom | Max 
A 
A 0.002] 0.004 | 0.006 | 0.05 | 0.10 | 0.15 
ke 0.053 | 0.055 |0.057 | 135 /140 | 145 
b 0.006 /0.008 /0.010 | 0.15 |020 |025 
c 0.004 |0.006 |0.008 | 0.10 |0.15 | 0.20 
D 0.272 |0.276 |0.280 | 6.90 | 7.00 | 7.10 
E 0.272 |0.276 |0.280 | 6.90 | 7.00 | 7.10 
e 0.014 | 0.020 0.026 | 0.35 | 050 |0.65 
Ho 0.350 /0.354 |0.358 | 890 |9.00 |9.10 
He [0.350 |0.354 0.358 | 890 |9.00 |9.10 
L 0.018 | 0.024 | 0.030 | 045 | 060 |0.75 
Li — |0039| — | — | 100 | — 
Y 0.004 0.10 
6 0 S| 0 |e 
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9.2 48-pin QFN (7x7x0.8 mm) 





wb 

N 

o 
GAGE PLANE 
SEATING PLANE 





VARIATIONS (ALL DIMENSIONS SHOWN IN MM) 


pA [T= 60 
_—AL_}_ 0.05 1 —_} 016 
| Az | 1.35 | 1.40 | 1.45 | 
| ob | 017 | 0.22 | 0.27 | 
|e =| 009 | - | 0.20 | 
| oo | 00 Bsc 


pe [0.50 asc 
po [eas | 060 [07s 
a 
a 
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9.3 33-pin QFN (5x5x0.75 mm) 


[7 Tete[C] [SkceeIc] 
A {9 | 
SEATING PLANE 
v 
i 











PIN 1 CORNER 





[| SYMBOL | MIN | Now] 
OTAL THICKNESS 











STAND OFF Taf 0 | 0085 
OLD_THICKNESS | az | —- | 085 | 
/F THICKNESS 0.203 REF 
EAD WIOTH ob | 
x 
BODY SIZE 
: Jy | & 
EAD PITCH i aa 
P SIZE 
FAD TENGTH ipa pa 
ACKAGE EDGE TOLERANCE ian 
OLD FLATNESS 
OPLANARITY ee 
EAD OFFSET | ddd | 
BOTTOM VIEW 
VEW M—M XPOSED PAD OFFSET 
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9.4 33-pin QFN (4x4x0.75 mm) 





| A1__| 0.00 | 0.02 | 0.05 | 
|b | 0.15 | 0.20 | 0.25 | 
| > | 4.00 Bsc 











z 
C 
O 
oO 
ice} 
n 
m 
a 
m 
w 
S) 
a 
> 
e 
ae 
mi 
m 
4 
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9.5 20-pin TSSOP (6.5x4.4x1.2 mm) 








z 
= 
O 
oO 
ice} 
n 
m 
a 
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Be 
mi 
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10 REVISION HISTORY 


Date Revision Description 
2014.05.19 1.00 1. Preliminary version. 
2014.08.26 1.01 1. Modified Figure 4-1 NuMicro® NUC029 Series Selection 
Code. 
1: Changed the order of Chapter 5 FUNCTIONAL 
DESCRIPTION. 


2. Fixed typos and obscure description. 
Added Chapter 5.2.5 Whole System Memory Mapping. 


4. Fixed the description about Frequency Divider Output of 
NUCO029xAN series in Chapter 5.3.4. 


Added clock switching note in Chapter 5.3 and 5.4. 


2015.05.18 1.02 


Removed description about ACMP output inverse function 
available on NUCO29xAN series. 


Modified NUC029xDN LVR and BOD specification. 


Updated 33-pin QFN (4x4) package dimension in Chapter 
9.4. 


2017.06.23 1.03 1. Added new part number NUCO29ZAN. 
2017.12.11 1.04 1. Added new part number NUCO29NAN. 
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Important Notice 


Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any 
malfunction or failure of which may cause loss of human life, bodily injury or severe property 
damage. Such applications are deemed, “Insecure Usage”. 


Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic 
energy control instruments, airplane or spaceship instruments, the control or operation of 
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all 
types of safety devices, and other applications intended to support or sustain life. 


All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay 
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the 
damages and liabilities thus incurred by Nuvoton. 


Please note that all data and specifications are subject to change without notice 
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners 
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